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CHARTERE 


Anyone casually acquainted with the military and indus= 
enl complexes of the United States of America can not avoid 
noting the many applications of computers in those areas mrt 
w a eult to give a brief listing of the uses of computers 
San OUt risking gross over-simplication of the vast scope of 
Bear applications. They have been successfully employed for 
men diverse functions as scientific laboratory specimen analysis 
eee interpretation; assembly and production line control; log-= 
istics management; weapons systems fire control; and optimum 
meeeresource scheduling for fields ranging from dating services 
to the control of power plant generation equipment. As computer 
Systems gained greater computational speeds and decreased data 
recerieval times, they were tasked with performing jobs of even 
ewesver complexities than those just indicated. Examples of 
tease Jobs include the military's ceomputer-oriented command, 
Semerol, and communications systems; industry's management cons 
meek and information systems; and the highly sophisticated 
M Cision control of National e and Space Administration 
chicles. Tr all Practical purposes, a listime cor reompuines 
Sappistcabions to problem solving and control functions is ime 


\ 


haustible. 





It has now become very apparent that the computer has 
mot gone unnoticed in that system which is singly responsible 
for supplying the basic requisite skills needed by the men and 
women of this Nation--the institutional education system. This 
ey is about the application of computers to education, par 
Pecwlariy in the military. The widespread applications of com: 
puters in non-educational projects gives some inkling as to the 
potential span of impact which computers may someday have on 
che extremely complex field of education. The use of the com- 
Amer 1n education is known as computer assisted instruction 
and is identified by the letters, CAI (no phonetic word is 
formed, the letters are pronounced separately). While cog- 
Bizance of the potential pitfalls of CAI \are recoenized ain a. 
mew tne intent of this paper to discuss psychological or social 
Met cations which may be associated with mass use of CAI, It 
Ma cient here to state that computers, for the ior o e TR 
mire, Will remain electronic tools with capabilities for 
mouse great educational harm or good. This harm or good couid 
Seman lified rapidly and significantly depending on the scope 
Miesciie application of computers in education. Only through 
meehdiy retined, well managed CAL programs With Consistent. 
Bical evaluation and analysis will CAI avoid undesirable 


Aide effects. Proper evolution of CAI will help us achieve 


y 





Bee volyehaener levels or educational sophistlcabión 
maoserfecetiveness. 

The military services have constantly tried new methods 
as Eruetion in an effort is CrON C R re! IClLency eae vc 
fevention and to reduce training costs. They, like the general 
mitre ceducation System, have not found movies, television, 
Miras tanda teaching machines as practical long term substitutes 
hor human instructors. But the computer may be an answer to 
miproving student-teacher ratios, reducing training times to 
meceptable levels of proficiency, and modifying the traditional 


Pemorilal method of teaching to the median level of intelligence 


of the class. 
Statement or che Resaca Question 


A great deal of this tnesuistiesteonstrucres arena 
as sion of civilian CAI progress in educational institu- 
Misas. This technique is necessary because of the very limited 
mem. done with CAI, in general in the Nation. Military in- 
wemeroment LO any extent has been only in the fairly recent past. 

An analysis of what has transpired in the field of 
automated teaching and to what degree of success is undertaken 
to arrive at a conclusion ine following basic ques- 
Zen: Has CAI sufficiently evolved to risk extensive commie 


Aa aran funis for this type Of instruction. 


L | e 
Felix F. Kopstein, "Why CAI Must Fail!" Educational 


Arammotosy Marea. 19710, Pe 53. (This article is Write 
mear castic vein.) 





Scope and Organization of the Study 


Thnesabiliry of each individual to enhance his technical 
knowledge at his own pace has been recognized and has been the 
wec Of many varied educational approaches, involving nev 
teaching/learning techniques. It is significant, however, 
Bao through CAI the student-teacher relationship can "cycle 
Beck" to the oft-cited ideal Socratic approach to the learning 
Se oasic manipulative skills--one instructor for one ee, 
aro raingly, several subsidiary areas must be investigated to 
determine if large scale CAI implementation is feasible for 
@eemarmed services. One such area is CA evolution, Ateos 
what have been the major electro-mechanical evolutionary steps 
which have taken place and have lead to CA1? This subject as 
well as some of the basic criteria and characteristics which 
Seema be present for CAI consideration are discussed in 
Chapter II. 

Chapter Lif "expands the scope of the study rower 
investigation of CAI use and a in che civilian 
Bra, as well as in our military forces. That chapter wiri 


therefore not only present current and proposed CAI applications 


Some mass-media producers and users cite the economic 
advantages to scale with minimum instructor/maximum student 
feos “instruction relationships; however, television, vrai 
"aids," video-tape, and movies remain, for the most part, 
passive instructional devices. it remains however that we 
have not been able to satisfactorily and economically train 
masses of people on a one-to-one student/teacher ratio. 





M1 also summarize Qata results wnich have been indicated 
im the readings undertaken in this effort. | 
iMmechapveiow hy a discussion relative tocche neues 
menes Tor CAL will be presented--a few comments concerning 
instructional objections (in general) and some specifics on 
CAL capabilities and requirements will be made. It has been 
meee that Until recently, conventional senooline Tecoaniques 
mepecerning the instruction of large groups oí people Nad mou 
Significantly altered since the economics of instruction versus 
the quality of output entered the education arena. That con- 
w ation oí economics still prevails and remains One abro 
analysis of an educational system's oe Any time costs 
are discussed, a veritable Pandora's box of “cost ame lira cen 
Mit iers can be conjureda up. This study accepts tne ane 
E rerea by today's military and educational CAI specialists 
pemocsensible. Chapter IV will also briefly touch on some or 
Mgeshardware, software and personnel problems inherent to CAL 
mimo lementation. 

In che concluding Chapter, V Che authori precet wu 
on as to the feasibility of military CAT, and ofTers zone 
Beats eonceerning training. He also suggeszs some areas tor 
Bere to a possible“obliBgatlon Gescher gen ll 
public that the military has not undertaken to any great extent-- 


but which could enhance its own survivability and training costs. 


Cornelius Fol BUC ler,- Dean Jamison, anrd Patric vor 
"Estímated Costs of CAL for Comvensatory Education in Urban 
Areas," Educational Technology, September, 1970, pp. 48-49, 





This paper, while objective, 1s non-technical in narte 
emo Makes no attempt to treat the computer system as none than 
a tool which is available for use by educators. As men 
emner this study, analysis of sociological or psychological 
enplseations of the mass use of CAT en net be ünderraxen. 
these problems.are beyond the intent of the study; and in 


Micra least one successful doctoral @qassertarvion has eeu 


wacen on the psychological implications of CAT. 
Purpose and Uta li yo Remco cGy 


Throughout history one thing stands evident: cee 3 
progress is a result of the application of and improvement upon 
previously learned information and skills. 

It has been a constant challenge to adequately train the 
ands of personnel who rotate through the military ser aco. 
These men must be given at least a rudimentary background in 
Many, many areas before they can be considered qualified to be 
encrusted with the capability to interact in an organization 
Maine the complexity of any of our services. This training 
foo time-consuming, costly, sometimes extremely repetitive 
process. To a large extent the survival of today's technical 


Mai tcary organization is contingent upon the abilities arm. 


SUI. e. 


At the University of Texas, Austin. Texas, by over. 
Mo wool, USAr Ss instructional Technology “stall OT 
personal anverview held in Washington, D.C., auring Septen re 


ey 





Ne 


moune enlisted personnel to perform operations and Ne... 
Mie Lions successfully. Training, repetition and RN 
appear to be the only way to impart this ability. 

CAI has been in an experimental stage for over a 
Mate: Ine U.S. Government is financing civilian CAL- 
Maan entation and all] the military services are investigating 
Ae potential of CAI. At this point in time no decisive come 
Moments to plunge fully into the computer pool for trainine 
Meme been made in the military, although several experimenaadl 
meeerams have been undertaken in the last five years. 

As 1sS suggested by the comments im the previous se cia 
Nr udy undertakes to survey CAL Lo arrive ar some rencias 
Años concerning its applications in military training Se. 
author has worked Ea rata in both the military andme m MAS 
worlds for approximately seven years; and has haaresrn Tacik RE 
wn echange concerning U.S. Marine Corps and Army CAT plans: 
Mees study will be provided CAI- personnel in the Headquarters 
elements of those services (as requested by them) for their 


Be ideration of its findings and conclusions. 
Research Methods Utilized and Method of Analysis 


Except Tor the information obtained ron traes cena 
interviews which were conducted during this study, data utilized 
were from secondary sources. These secondary sources included 


Books and Doth published and unpublished reports. Severa E n 





Beaierence proceedings were also reviewed and, of course, 
meraodical literature was surveyed and extracted. a 
memecational Association, Academy for Education Advancement, and 
the Office of Education (of the Department of Health Education 
and Welfare) made available several Puberteacıens uhrch=dlesner 
Otherwise exist in local Military torcida ae Sa 

Because of the current "fence-riding" status of the 
Raices concerning massive CAI commitments; many ci the miis 
Ba reports are still unofficial, ana some contain only 
"working-level" information; however, this study presents no 
wo mation Irom those reports which ls of a classified cr 
Droprietary nature. 

The method of analysis most utilized herein is deductive 
wrom those sources cited. Elements of inductive reasoning 
are obvious in the recommendations made concerning overall 
semyice policy for CAL in the immediate future inasmuch as 
Mimese conclusions are made from the study of the very ien 


service cases available. 





CHAPTER II 
WHERE Dip Pi ALL START? 


Time and time again we are confronted with the real- 
ization that what appears to be genuine originality is in 
truth an improvement upon or modification of the efforts of 
previous man. How in fact could it be otherwise? 

Teaching Machi es 7o RoT ronk 
A Delimited Review 

By 1926, Sidney L. Pressey (at Ohio State University) 
had become quite concerned about the many routine and burden- 
Pome clerical and administrative tasks that educators were 
mereed to accomplish simply from the necessity to discover the 
Meeeeouness Of their students’ works. He also felt asume 
of the most inefficient large scale undertakings of the day 
was the current methodology of the education system--it simply 
had no labor saving e He felt this was due to the 
fact that teachers were relatively inexpensive to hire and 
there was therefore little incentive towards innovation con- 


Perning cost saving devices. (In fact a much more recent writer 


` 


lsidney L. Pressey, "Educational Research and Statisti comi 


Benool and Society, March 20, 1926, p. 376. 
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Peints out that conventional educational is still labor inten- 
e. )ó Fressey invented and built 2 teaching "apparatus" 

which could efficiently teach informational and drill materials, 
meee tests and which could be made to restrict the instructi ne 
progress until a correct response was made to the question 


3 


po ced. as simple but ingenious device was Nomar cers an 

a portable typewriter and was essentially a "memory drum" 

(not unlike music box construction) which could be made to 

EB maın Locked until the key corresponding to the correct ee 

on a quiz was a essen The device could be altered to per- 

fee mechanism advancement and recording of the chosen response 

Beute  treguiring that the response We necessary correc. 

Mié device could therefore be used for testing as well as teach— 

ing. Pressey's machine was also used in an external re ort 

ment mode by dispensing candy or favors to small children when 

chey depressed the correct response eee Pressey believed 

that use of this device could save several hours of a teacher's 

time. He estimated that approximately 1,000 "off-duty" hours 

which were being spent in grading and recording students' tests 

Meuld be saved each school year. He also stated that, af Wsed 
“Robert J. Seidel, “Review of the Status ar Project 

Impact," (paper presented at the Continental Army Command, 


fU.S.) Training Workshop held at Fort Gordon, Georgia, on 
E ober 5-7, 1971), p. 3- 


Spressey, "Fducational Researeh and Status tios soe 
4 
MS O 


-Thid., p. 374. 
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sche Instruction mode, the device could free the ee, 
rom the boredom of drill and practice sessions and ome 
Pr emat her more time and opportunity to teach and otherwise 
develop her students. 

Pressey's device did not gain widespread use. B. F. 
Skinner attributes this to two specific causes. These causes 
mese. first, that cultural inertia prevented their adoption, 
i.e., the educational world simply was not ready for teaching 
menes.. A second reason given Tortel Ciao pora 
was that Pressey's machine was not fully developed to the point 
Ni covidine instruction. As used, the device did not 7-2 
Meach—-—-it primarily reinforced responses to tests and this could 
Daes cake place after learning had taken placene onhe: 
(Skinner does concur that insofar as a reinforeene nz 7a. m 
some teaching did take place but at a low De 

skinner was also dissatisfied with the traditional 
ieeeods Of instruction being used in our schools. "By thema 
1950's he had developed and presented his linear learning theory 
Skinner felt that the student should be exposed to new fields 
mime, Manner such that no errors would be made in his responses 
As Ofiesh implies, Skinner felt learning should be effortiess 
o not thoughtless. Instruction is best structured if the 


student immediately knows whether or not he is correct in his 


ee Ore tO: 


Pa. F. Skinner, "Teaching Machines," science. arte 


AS DOS OO. 


ale: 





ve 


assumptions or knowledge about information presented to him at 
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Mat point in time. Tnisstvechnigue ts ound tere owe, in 
teaching machines but also in "programmed textbooks. "19 
Skinner felt that small frames of informatienscher kg 
RS resented to the learner and that at the end of each infor 
mation frame there should bē a question stimulus.: The Studer = 
EONS e must be correct or the machine should not advanee 
(much like Pressey's machine) and the device had to be designed 
Ae only to test but also to present information-=to e 
the traditional teacher for certain subject areas. The machine 
ME Ot teach of course, it merely presents datar erkenne 
meee FLO preier machines which had built into them mme Tne 
memeroentilyirng those questions to which the iearrer incorrectiy 
responded as well as those to which he had correctly responded. 
The machine should then again present those questions incor recu 
Er wered by the machine user after he had completed the tovel 
Bor matLion segment or subject subset on which he was working.” 


cis manner the student was mentally reinforced in those 


mes in which he had originally erred. 


Gabriel D. Ofiesh, Programmed Instruction PEM En 
for Management, (Chicago: American Management Association, 


ae . , Do. 351230. 


en, M. Berry, "A Historical and Critical ostias 
Determine the Feasibility of Expanded Use of Automated In= 
tau mon in the Naval Training Situation,” (unpublisaed 72; 
Mésis. U.S. Naval Post Graduate School, Monterey e amo 
1965), pp. 4 and 9. 


eer. "Teaching Machines," pp. 970-971. 





In 1958 Skinner compared teaching machines to private 
CUCOrs as as o 

l. There was a constant interchange between the sonra 
and the learner which demanded that the learner be always alert. 

2. The machine would not advance until the response 
Dee correct; therefore, there was no chance that the student 
misunderstood what the correct answer was. 

3. The machine would not rush the student--he would 
get information when he was prepared to receive it. 

4, The machine, like the tutor, would help the learner 
Era ye at a correct answer by presentation of an orderly cons 
Seructed program. 

5. The machine would reinforce the learner's under- 
standing by providing immediate feedback to the response made 
m the student, 

Skinner's ideas about linear presentation techniques 
fee Ot Universally accepted even by those who would avy eat 
meeepu the idea of non-human teaching devices. Another very 
popular technique, "branching," was developed by Norman A. 
sasınler. He felt that Skinner had made as serious an error 
his linear programming method as Skinner felt Pressey had made 
mms device utilization. Crowder felt Skinner was in error 


because Skinner's method simply required a correct response 





fer course progress. The student could keep guessing UAT 
a a i 
Ibid: De 97, A similar list ob advantares er 
elo ely related. tó these can be found 1n an aruicle iaa 
Larrick, "Teaching Machines: A Progress Report," Library 


journal, Vol..19, No. 1, (Spring, 1971), 1651-52, 
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te [ie correct response and was then permitted to continue. 
fms method did not inform the learner why, if he made an in- 
Ber cv Choice, that choice was necessarily wrong. 
Crowder called his technique "automatic tutoring." 
It has also been known as a "branching," "intrinsic program- 
Mae," or "scrambled" en The essential difference 
between Skinner and Crowder was not in the leading and detail 
Ennn dues each used, or the method of thorough investigation 
amd” Testing of data before it was released as a program of ee 
struction. The big difference was that Crowder's program 
would actually inform the learner exactly what was wrong with 
me noice iil he chose an incorrect answer. The explanation 
mens also recommend remedial action or study to correct che 
learner's misconceptions at that point. Crowder felci nii e oE 
munication interaction made his technique much more responsive 
pe valuable than Skinner's simple conditioning method (i.e.,; 
a method whereby one was simply "wrong" until he chose the 
correct response). 

Many devices patterned after beth the Ilincarian Tor T iE 
ing methods were developed. One thing which aided what turned 


Sue to be a very rapid influx of teaching machines in the 796075 


Bueene Galanter, ed., Aucomatic Teachane licks. 
Br che Art, (New York: John Wiley and Sons, Ine., 1959), 
ie 109, e 


io 








1 tpid., Dba, Lie= ioe 








e, 


was the acute shortage of qualified teachers. It was stated 
that there were 195,000 too few teachers in 1960 and that to 
meet the requirement for the 1970's at least 30 per cent of 
al) college graduates of the 1960's would have to elect to 
enter the teaching ee This proved the need for 
e pansion of both mass and individualized methods ol instructions 
In the decade of the mid-1950's through the mid-1960's the use 
of both mass media techniques (such as movies and television) 
and individualized techniques (such as teaching machines and 
programmed texts) were greatly expanded over their previous 
Sei industry, the armed services, and OE o 

Inaustry responded to the opportunity tomarko rea en 
product. Unfortunately there was frequently too little time 
taken in the preparation of materials and virtually no stand- 
ardization of materials, programs or machines was undertaken. 
Piereerings ranged from 35mm film strips to microfilm "min- 
jature” microfilm to simple single sheet or rolled paper pre- 
sentations. Machine interchangeability and program compati-~ 


ro 
bility was non-existent. By 1962 over 40 different devices 


gm L. Ross, et al. "rleaching Machines Siem 
Survey and Buyers Guide, (New York: The Center for Programmed 
Bietruetion, Inc., 1962), pp. 1-3. 

i 


Ibid., pp. 6-11. See also Ofiesh, Programmed In- 
struction, "Case Histories," po. 165-401; See also Robert G. 
Smith, Jr., “Research Problems Related to the Implementation of 
Programmed Instruction, (report reprint presented in Collected 
kapers Prepared Under Work Unit TEXTRUCT Methods Orns mo 
In Technical Training, Human Resources Research Organization, 
Alexandria, Virginia, report llo. 34-70, December, 1970), pp. 74-77. 











oe l r 
Havard- Be bry, Teachinesiiachines and T OA ane a 
struction: An Introduction, (iew York: McGraw-Hill Book Com- 


vs. Ine. , 0963), op. 17-192 
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mec been patented.” The= problems “of ancompagioi1 Ii ty ena wae 


fact that the early machines were no better than heizen 
iro expensive programmed Text counterparts led to the demise 
of many companies and educators who invested in teaching ma- 
danes. The problem was serious enough that the American Edu- 
ezbıonal Research Association, the American Psychological 
Asoc lation, and the Department of Audio-Visual instrucvion 
(now the Division of Educational Technology) of the National 
imemeation Association, issued a joint "statement on teaching 
Teemines, their functions, and the necessicy for thorough an- 
vestigation of capabilities before ech 
But educators were not SUtOppin= 1m tner ter ere 

uc tional techniques because of a few mechanical probleme 
Or Simply because some industrial programs were not of acceptable 
quality. As early as 1958 at least three areas of investigation 
Seeinstructional methodology via the computer had been under= 
taken. These programs were: 

1. The International Business Machines (IBM) Research 
Center program which was designed to teach binary arithmetic-- 
and which included problem level of difficulty assignments to 
the learner which were based on the success experience to any 
Boiınt in the program. 

2. A System Development Corporation (SDC) program de- 
signed to use the computer as a control unit for a random access 


Onpunctions of Teaching Machines," School and Society, 
(February 24, 1962), pp. 94-5. 


ie i ! -T 
Galanter, Automatic Teaching, pp. 117-129, 
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Brojecetion device to provide a flexible teaching machine for 


t 


research on Crowder's technique of branched ee 


3. 0A Bolt, Beranek and Newman Corporation study an 


23 


Aei eating computer applications to teaching in general. 
Bol ye major ren with computers were reported 
by Joan E. Coulson, including one which permitted simultaneous 
Mit tiple student access from separate student terminals to the 
Be er-instructor. By 196238: Saa that approx- 
imately 60 different CAI projects and 'course materials were 


being; and at least one school, the University of Illinois, 


25 


cine a CAI course for regular credit instructions 
IMSS ST rre cnt Asta IL indicates the macrina. 
Bel in use is that by Karl L. Zinn. This scudy listwszeoyer 


200 projects and offices concerned with CAI and over 40 dif- 


26 


Mmement CAT languages and dialects. 
Obviousiy, CAIL has grown every bit as rapudly esa 
erosrammed instruction and teaching machines. Programmed ins 


Se tetion, even to those not intimately related with education 


2 ; = z ’ i 
Karl L. Zinn, An Evaluative Review of Uses Ore oS 


vers in Instruction, (U.S Department of Health Education and 
Welfare, December, 1970), Sec. I-3, p. l. 


ne 


l 
se E. Goulson, ed., Programmed Learnie anar orru m 
Based Instruction, (New York: John Wiley and Sons, Inc., 1961), 
Pere l/l, 191, 205, 217 ana 210, 
CG 


Coe : i 
Lann AN eve Wa ble Review. eo aan 


2 a . 
Tbid., Sec. I1+3, vo. 4, and Appendix B. (It shoud@ be 
momneed Out that there issa current effort tea unsate Zinn 


~ 


merlo according To Kevin M. Arunder Educator occidi 
errice of Education, Department of Health Education ana 
peiterecue Washington, D.C... afverview held durionei ecember: ken) 





+ 


18 


me ne United States is very much on the decline while CAI 
=Ú vation and acceptance is continuing on the baee 

Does this movement sound familiar--is CAI also fraught 
Aa. the distrust, haste and inaccuracy of early programmed 
imtiseruction? It does not really appear to be so. Altheush 
zz amcıon is being reviewed here, a slight digression seems 
appropriate. Researchers and staffs are very cautious about 
me menting CAI. Of the 200 projects indicated earlier, only 
about 40 are full course instructional programs (although there 
Are stimated to be over 1,000 samples Of Fev ic Use Seen mee 
Approximately 60 per cent of those languages listed by Zinn were 
education center, vise industry-commercial, related.°? Mn 
Bars to be a clear indication of educator faith and comnTIT= 
meme to the proper use and growth of the potential power of CAT, 
Probably the most dramatic and expansive example of tutorial 


30 although New York 


Sat 


seem use is at the University of Illinois; 


nas a very large drill and practice CAI operation. 


eee Peter Frei, "Study Trip to the USA (Summer Pau 
io). (an unpublished translation of a field trip concerning 
Proerammed and computer assisted instruction by the Swiss Fed: 
So C i tute of Technology, Zurich, Switzerland, November. 


MENO), PD. 5. 
2, 2 
Zinn, An Evalwative Review, See. Ta pas 
2J Ibid., pp. 5-7. 


mirst Regional Seminar of the National Security In- 
w crial Association ŒSIA),;,-Avpolication of Computers Lo mar 
€T), (held at U.S. Naval Training Center, San Diego, Cal Torm] 
Omenoril 24, 1971), op. AX1%] and 2. 


il E , 
3 Cornelius F. Butler, "CAI in New York City: reporton 
the First Years Operations," Educational Technology, Detober, 


1969, pp. 84-87. NN 
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Be tilinois complex has grown from a single terminal, con- 
mega tO the ILLIAC-I, to today's 20 graphic pictorial term- 
falls operating on an interactive mode in over 10 different 
subject areas. Several CAI courses are accredited for grad- 
Baron purposes at that university. Illinois is projecting 
plans for simultaneous, mixed course offerings using 4,000 
student terminals over a large geographic area. 

The most successful tutorial CAT prosrame otero 
meeer—learner dialogue based on a complex branching an 
This permits computer analysis of the response (or question) 
r ered by the learner and presentation ol a computer response 
appropriate to the level of understanding of the problem (or 
subject) possessed by the ea > 

Again the statement is appropriate--the machine does 
not fesen, think, or create; It presents mater llei 
prepared, pre-analyzed and reviewed by man. It offers a method 
ana an opportunity for, investigation and assistance im 
Wwerermining whether or not traditional instructional Techniques 
ae appropriate. Many have stated that this recent evolutiorezz 
step is long overdue--that traditional methods are not adequate 
and that educators and counselors have an opportunity and 
er Regional Seminar of NSIA, ACT, p. XXIX-106. 
33Diemut M. Heller, "Technology in Educa roiti 


National Education Association, (Research Memo No. 1969-4, 
February, 1969), p. 3. 
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obligation to improve on their techniques which have been 


Atenea lly unchaneed since classroom utilization ol ene 


ES 


The computer has been hailed as the most obvious "next 


peep in solving the limitations of individualized adaptation 


39 


ache programmed text and teaching machine. Dri ROD eater = 


Melide] says it is time for education to take advantage of CAT, 


36 


feo 1tal, not labor intensive system, ana also aL et E 


" . e . those who are interested in studying the 
psychology of learning and instructional processes to 
bring together a basic science and an applied science 
into a single, unified, scientific discipline, ” 


Criteria for CAI Consideration 


At this point some of the sematical problems relating 
Mes t what CAI is should be indicated. In his paper, cura 
memes being considered for publication, Alan B. Salisbury mhia 
fisted twenty-two terms which authors have used frequently 


on a more or less indiscriminate basis in reference to the 


as of the Learning, Retention and Transfer 
Technical Meetings, (sponsored by Honeywell, inc., under con- 
meee, to the Naval Training Devices Center, held at Winter Park; 
Mibeorada, February 5-7. 1969), p. 64-66. See also Charles E. 
weerman, "Technology is Knocking at the Schoolhouse Door,” 
Bortune, August, 1966, p. 122. 


3dKeith A. Hall, “Computer Assisted Instruction reos 
lems and Performance," Phi Delta Kappan, June, 1971, p. 629. 


36 


per: Je Seidel, “Computers in Education: mese 
ewaiean Revolution in Education Systems,” Computers endwiure 
ioe, Maren, 1969, as reprinted by George Washinston Univ- 
eet. March,~1969 5 ps5. 


Seidel, "Review of Project Impact," p. 3. 


de 
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general subject area Of e Al. Thais -author cone tess win Major 
Salisbury's warnings and recognizes that precise definational 
Meat rements are necessary. Only then can users, suppliers 

and casual interested parties understand what a system defined 
meee ouch and such" can do, or ean not do, as compared wich 
another definationally identified system or operation. But 
sematical segregation will not better serve the purpose of this 


39 


paper and as indicated earlier, the use of a computer in any 
moral, instructive role is considered for purposes ol hie 
may, CAL. 

Wo better, more direct, or simple statements T mi 
Ba ars to constitute adequate criteria for investigation of 
course applicability than that offered by the military "Shirez 
sleeve" committees on CAI has been found. That conference in- 
cluded no fewer than thirty educational and military conferees 
who are personally involved with CAI (at least 14 of whom held 
doctorates). A summary and interpretation of their recommenda- 


10 


Bone concerning CAI selection criteria follows: 


-7 B. salisbury, Major, U.S. Army, "Compüterz Orpon 
MM litary Education and Training: A Study of Terminology." 
(Unpublished research paper prepared for the U.S. Army Signal 
Bere, April, 1971); po. 2-3. 


"Supra, Organization and Scope of the Study. 


ee proceedings of the Joint Services om 
"Shirtsleeve" Conference, (Hardware, Software, Future and 
Met ation Committee Minutes, meld “au Port Bilis ete 2, 
Sone: O-12., 19/71), Soltware Committee Synopsis, op. 1-3 
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student Loading Criteria 


1. High repetitive annual student volume--CAI may 
reduce pesas eines Siler weameiy. 

2. High attrition rate--CAI is individualized and may 
femme reduce attrition rates. 

Pre meh ee to student ratio--with CAI this 
mo will approximate 1:1 without incurring additional ines 
Sar uctor expenditures. 

Y,  Heterogeneity of student population--the more 
teo che students! background, the more likely it is thap 


Monda vidualized instruction capability of CAIL will helo them 
Instruction and Location Expense Orue 


1. Course cost--compare costs of traditional versus 
MD roposed modes of instruction. 

2. Non-expendable equipment requirements--if CAI can 
simulate actual equipment useage many dollars in manpower and 
maintenance costs may be saved. 

3. Stability of course content--those courses which 
meemee the least, if converted to CAL, will free more IaAstrucian 
time for other courses or instructional requiem 

Y. Course commonality--if a similar course is taught 
at several sites CAI may drastically reduce instructional este 


mec! personnel receive one common CALC OO Sra 





al 


Daw Local attitude--CAI capabilities should be com- 
meleatved to all education centers, then should be initiated 
Bose sites or schools most desirous of using CAT, 

; Oe Georrapnie considerations ——d © ise mom Miele 
mgere will be little impedence to CAI transmission over a broad 
Beographic area from a central compuiver site, anne een 

Be catıon transmission costs must be considered. 


Tf. Aptitude--CAl course development must take cogni- 


Ban Of individual aptitude levels. 
Course Characeterist ie Ze ela 


l. Course length--CAI has very frequently reduced 
meagning times by 20-30 per cent. in addition to saving time, 
Met loneseer a course takes to complete the more it usually costs 
memeconduct. A review of those courses taking the longest times 
temeonplete Ís in order. 

2. Course complexity--generally speaxing m emn 
complex and tutorial-oriented a course must be, the more diia 
Met? it will be to convert to CAL. 

3. Cruciality of skill being produced--training Tor 
Meeminost critical skills should be converted to CAT Tirst, 

Mrs permits the advantage of CAI's capability vo producescons 
Bert quality volume outputs in shorter periods of Zime san 


pec less manpower expenditure. 
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7.2 Molti-skill level orci- e- C ne E more 
ec Live if it is designed to teach both the A 
emgeeedural abilities required in the job for which the n= 
Peryadual is being trained. 

5. Course development level--courses which have been 
systems engineered »-and prepared on a basis of tractable in- 
structional steps and learning objectives should be converted 
AE i first; this is a basic requirement of CAI course pres 


aration. 
Intangible Criteria ai CAL is dated 


I wocope of influence--bétause CAL 1s eltec 7 ae 
Peaversion of courses which are required knowledge for ail 
organizational levels of personnel is undertaken, this exposure 
Will insure a basic understanding of CAI applications potential 
av all levels. 

2. Political considerations--CAl courses are le. 0s a 
memaevelop and must be thoroughly tested before use. Adverse 
Self tical reaction due to complete reworking of unsatislacuory 
courses ís always a possibility; on the other hand, a highly 
successful skill-teaching CAI course for low intelligence level 


personnel may be politically rewarding. 
synopsis 


It has been stated that in the military we snould be 


most concerned with developing CAI courses for present courses 
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erainstruction which have great student heterogeneity, low 
aptitude levels, high annual student volume and attrition rates, 
Bose instructor—-student ratios, and use expensive training 
equipment or as Regardless of the other criteria 
selected for evaluation, or the conclusions developed, there is 

a general consensus that no convers Lon 66 CAI should be under- 
Baron in the military unless it meets the criteria of being costa 
dí cective. But it ER stated that there was little in the 


way of a base-line cost effectiveness ‚model to objectively 


me nat CAL costs, " ..% (i.e., to support initiation. coen— 
emua cion or expansion of a CAI system) = . . [but that] cost 
effectiveness studies . . . by the Army (Fort Monmouth) and the 


Marines (MCB, 29 Palms, California) should serve as starting 
pants." 

This chapter has presented a brief review of teaching 
menime evolution to date and has pinpointed criteria cons 
esırderatiıons for adaptation of courses to a CAIL system. 

The limited applications of simple teaching Machines 
has precluded their use in large numbers although current models 
are considerably more effective. The problems of improving 
meen student/instructcor ratios to teach manipulative skills as 
mort) evident, and is a problem found in military, industrial, 
m vocational schools as well as regular educational institution E 

Men "Shirtsleeve" Conference, Software Committee Report 
SeT pp. 2-3. 

sa Initiating Operations Committee Report, pp. 4-5. 


("MCB, 29 Palms" is an abbreviation for the words, "Marine Corps 
Base, Twenty-Nine Palms.") 


o 
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Most individualized instruction is expensive and one of male 
Mt craining problems is economical conversion oi training 
dollars into useable personnel skills. CAI appears to be one 
of the most technically feasible methods of reducing training 
wS -it may be the most significantly different and satis- 
m etCory approach to the education of ee groups of people 
Zee the mass distribution of books. 

satisfactory CAI is the economical integration of edu- 
en ıonal techniques and goals with the evolutionary ‘cae 
ments now available in computer programming and proeess ne 
S n li ties. To maximize the effectiveness of CAL, considera. 
mage be given to proper implementation of the established 


memeciples concerning the psychology of learning. 





CHARTE MSRP 
PRESENT STATUS OF CAI IMPLEMENTATION 


her Mest all the applications of CAL currenti TTE neS 
meres Or in use would serve little purpose--¿úst to bricrh cas. 
BR 5 current, representative projects took 62 pages in Zim's 
e. Here,” FOO, W1llfBe presen emo n a Moe representative 
specific CAT projects which are under way in the military 
and civilian arenas. pa Ll De evid nt Er this text does 
Hot deal with a wide range of legitimate uses of the computer 
Maca educational institution. Ample evidence exists Taare 
frequently initial use of the computer in education is not in 
MeEemoucer—-instructional role, but rather is tn over red 
moe xanmple, administration, payroll, grading,inventory controla 
scheduling, research, and/or of course, computer and data proc- 

2 : 

essing courses. One final word concerning the application aos 
Br seomputer in education before delving into specifics as yam 
rer, Cognizance is taken of the various facets of CATIE car TARIN 
Boratvepies or applications but examination and discussion of 


them by class is not undertaken (for example, computer assisted, 


at 


Iyim, Bn Evaluative Revien, Sea, I, France 

“John E. Coulson, "Automation, Cybernetics, and Educa- 
tion." (Paper presented at' the Conference on Cyberneties in 
che School, held at Vancouver, British Columba onike b 
AM pn. Sand 5... See also, Janes iL o nns "Current 
Problems in CAI," Datamation, September, 1968, p. 20. 


x 
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Pempuver managed; problem solving, drill and practice, dialogue 


Pee ouULOrial: counseling; library retrieval, information cen: 


ter; and E 
CAL 1n Te Car le oo ia 


Only a few representative CAI projects will be covered-- 


Mérely to indicate the broad range of CAI applications and some 


Ma hne study results obtained. 
Industrial Uses 


At this time there appear to be no CAI efforts underway 
e industrial community of this Nation, outside of complber 
Memeeware or software firms. It is recognized that tne previous 
w e ment warrants support. None of the literary indexes re— 
searched or papers reviewed in the conduct of this thesis pre- 
aci on discussed any industrial CAI applications. In addicions 
meme Of the comouter hardware or software representatives in ne 
Washington, D.C. area which were contacted offered evidence of 
ame uch industrial programs. To further satisfy the validity 
we ne statement that no industrial CAI programs are generally 


known to be in existence, contact was made with the National 


Security Industrial Association (NSIA). Mr. Norman E. Rogers, 
Commission on Industrial Technology, A Revere by sve 
fommission, To Improve Learnings: An Evaluation of Indiscreta 
Technology, lew York: R. K. Bowker Company, 1970), Volume 1, 
Po.) 1992208. See also Joseph B. Marsolin ana Marion ko Wiii TE 
Computers in the Classroom, (New York: Spartan Books, 1970), 





ae 


6080-85, See also Zinn, An Evaluative Review, Sec. 1-35 
Bone, 1, 
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femmittee Bxecutive for NSIA, offered the services of his ofrTee 
Mco ntactine organizations about this statement. ‘i ae 
memported that although there are CAI investigatory studies la 
mpeeress by such major non=-computer manufacturing industries 
eee American Telephone and Telegrabvh Corporation, tihererere 
at present no known industrial tutorial CAI ee 169 
ier, che only industrial firm known Co be actually utilizing 
CAI is the Lufthansa German Airlines. That firm is using a 
UNIVAC based program to teach procedures to new reservations 
eomocheduling clerks in Germany. The magazine, Datamation, 
wendi cated that as far as industrial training is concerned, 
Bean industry will not utilize CAL unless there mio T am e 
emesadvantage to it over other ae This advantage is not 
Meweevident at low annual instructional volume rates. 

That leaves the bulk of the civilian CAI effort to the 
Feld of education--as Zinn lists only IBM as being involved in 
MT training, and that is for IBM-oriented training only. 
Norma ROBers., Committee Executive, National Sex 


yy industrial Association, Washington, D.C. Telephone n= 
terviews during November, 1971 and January, 1912. 


> F 


John J. Giesey, National Account Representative, UNIVAC 
Mision of Sperry Rand, Washington, D.C. Personal interview 
Mela” during November, 1971. 

6 


"CAT Curriculum and Instruction Strategies," Datamation, 
Dr cember, 1967, p. 92. 


Tzinn, An Evaluative Review, see. 2, Appenda ss. 
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Educational InstitiMTton uses 


Tb seems most appropriate to introduce this cien 
merece napter with some comments which indicate the proximity of 
@aemimmnense impact CAL is going to make in education. 

This can best be shown by work done at the University 
Seeeennsylvania. Dr. John G. Brainerd, Director of that Unive 
ersity's Moore School of Electrical Engineering, views the com- 
meer not only as a educational tool in its own right but also 
meremeereatively pushed the educational media interdisciolinary 
world one step beyond "conventional" CAI. Dr. Moore is helping 
Meme velop an integrated computer—communications based educa— 
Perce system in which the teacher av the Electrically tne meer 
eemoo! will be " . ... an originator and curator of information 
[who will be] aided by automated preparation and selection [of] 
@ecuments, audio visual films and slides, or convential tele= 
ESO . a‘ „md Others discuss this approach but Dr. Moore 
alme closest to a practical working educational complex in=- 
zolving an entire college. This integrated multi-media approach 
to an education system has been a major faculty effort for over 
10 years and has now been expanded to include the possible pre- 
sentation of full courses at locations away from the campus 
Be ser--at ete home, for example.” 


BPucspzekr cto. che here and now. 


y 


Stuaent Teacher and Machine,” school zn ara 
January, 1970, pp. 4. 


Ibid, pp. 4-5, 





€ 
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Remaining for a time in Pennsylvania we will shitc vou, 
“a nition to Pennsylvania State University. This Coe eee 
has developed a CAI ee a The initzal studvzise 
Mas innovative approach to CAI training began in 1967. By 
mee the mobile CAI van was a fact. It is now on its 1971-72 
"tour," offering a.3-credit hour course entitled Early Identifi- 
Amnon Of Handicapped Children--a@ special education course Wien 
Farbe completed in less than 30 hours using CAI. Tne van can 
accomodate approximately 150 teachers “during a typical six-to- 
eight-week tour period if the course is taken on a spare-time 
scheduled basis. On a 6-to-8-hour per day basis, study can be con- 
fortably completed in three days with or without a suoplementary 
Ei according to Dr. Cartwright, who developed both the CAL 
cenre and text. 
Wine ettorts of the University of TIlinols miey in 
briefly touched upon earlier, however the extent of program 
development was not discussed. That school utilizes CAI for 
courses relating to at least 20 fields and has well over 100,000 
daent contact hours on their system. Design characteristics 
Ben che follow-on system (PLATO IV) include entire courses 
which will be taught completely by CAI; which will have uv to 


#000 student terminals distributed over a broad geographic 


ne G. Philliv Cartwright, Associate Fra ya i 
Director, Computer Assisted-Remedial Education, Ccllege of Ea- 
Hea one secnmosylvania State University, University) Dar rn 
sonal interview held on December 23, 19/1. 





e 

gaan and which will hopefully utilize a newly designed” Low 
Mee, high performance plasma display terminal for student 
use. - 

Tllineis'! present system, PLATO-TIIT, Teralre ac m 
w ently sophisticated that it incorvnorates a set of alsezichın. 
in a "judging routine" which permits, for example, a geometry 
suudent to draw a geometric shape on a graphic display in re- 
Aponse to a question--but does not insist that the shape be. 
Mematly exact, in any particular location, attitude or size.t 
Obviously this system has a very powerful language and sub- 
Beine Set, 

One indication of the effectiveness of CAI is shown by 
Be sresults of a medical science course Taught by the lilimois 
system. ‘Twenty CAI students scored as well as their conven- 
TE aly instructed control group counter-parts on a nar Tornik 
eua stered test. The significance is that the CAI group 
spent from 33-50 per cent less time under instruction and showed 
greater subject retentivity than the conventionally instructed 
control group over a 26-week post-test ee (The control 
group was randomly selected.) 

There are other examples of uses of CAI in the medical 
education field--computers are used in medical schools not only 


o. Alpert and D. L. Bitzer, "Advances in onmi is 
Based Education," Science, March 20, 1970, pp. 1585-1588. 


a. 


I3tpid., p. 1585. 
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So 


for the retrieval of patient records and for test data_analysis 
but also as instruction devices. No fewer than seven different 
CAI courses from various schools were available and a 
at a 1968 medical conference. The following is an example of 
a few titles from the summary of that nenn "The Human 
Spinal Cord" (tutorial); "The Cardiovascular System" (drill and 
beeetice); "Sampling Theory" (tutorial and problem solving); 
"Resusciation in Anesthesia"; and "Crushed Chest Patients" 
(student research reporting and computer analysis for accuracy 
and implications response). 

Florida State University has a Computer=ssisteo In- 
ate tion Center which is sufficiently advanced Chae manga 
offered a 45 quarter-hour graduate credit course covering all 
eeeecevs of computer-based, multi-media instruction at the college 
ee. Follow-up questionnaires indicate that participants con- 
sidered the course very valuable in their current administrative 
and teaching one? Florida State is involved primarily 
CAT researecn--only a few projects will te mentioned here. 
One study was concerned with CAI simulation of laboratory ex- 
periments. Obvious benefits from simulation are the elimination 
Of health hazards, equipment availability requirements are 


negated, and weather and physical space constraints are no 


Proceedings of the Conference on the Use or COn Tuhi nna 
jm Medical Education, (co-sponsored by the U.s. Department ol 
Health Education and Welfare and the University of Oklahoma 
Medical Center, held at Oklahoma City, Oklahoma, April 4-6, 


ice n. 104, 
ÉS 
pen 33-30% 





Zimio. An Evaluative Revier, neo Tine ER 


A A en — 
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langer training factors. CAL Center test data  Iniicacon ns 
Mia cant difference in test scores or times to comers 
laboratory simulated physics materials; however, lab hazards 
fee avoided and lab equipment was not required, fewer in- 
structors were needed and no set-up, take-down or clean-up 
Names were required." Iwo other Florida CAI Center experiments 
are of obvious interest. One was directed toward another pur- 
Pose pDut final results also indicated that "functionally il- 
literate" adults may not even be able to cope with simple non- 
Emn solving CAI programs developed at a basic reading ski 
Ea. Tne obvious remedy is to ensure personnel navera 
basic reading skill before exposing them to the frustrations, 
embarrassment, and conflict of a verbal skill based program. 
pomewhat along these same lines, a later study concluded that 
tne effects of an individual's trait development and inherent 
enzlety toward performance is very much the same in the CAL 

em akonment as is found in a traditional instruction environmen: 
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any particular individual. 


Darol Graham, Guenter Schwartz and Duncan Hansen, 
wen Media Simulation of Laboratory Experiments in a Basic 
Physics Lesson on Magnetism, (Florida State University, CAI 
Tech Center Memo No. 25, November 1, 1970), pp. 20-32. 


An Investigation Of me 
f Instruction. Jace. - Ineludi P 
ntal Attitude seme na 
CA 


‚I Center Tech Memo. No i F 


Meanetem Orci: scan lane 
tive Effectiveness of Two Method 
@emeechnigues for Changing the P 
Poamacs, (florida State Universie 
July 15, 1970), pp. 36-39. 
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Poe Da Spielberger; Harold F. O'Neil Jrez zone 
Duncan N. Hansen, Anxiety, Drive Theory and CAI, (Florida state 


University, CAI Center Tech Meno. No. 14, September 15, 1970), 
pp. 52-63. 








ES 


An ord University, in an eGififort. similar sto lorem 
waes, is basically a CAI research-center effort in support 
of public education (as differentiated from being an opera- 


penal curriculum support effort for the University, as is the 
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Tllinois system). Its primary CAI work is in mathematics 


and language skills drill and practice.“ 


` 


Both military and 
emilian drill and instruction courses have repeatedly shown 
20-30 per cent reductions in training times to prescribed 
Meme Es of achievement and understanding, as has been pointed 
earlier and will be iterated in the following pages. 

There are many, many other minor and major applications 
ar programs in educational institutions, most of whachyare 
either research and development or short session (15-20 minute) 
courses. There are also on-going investigations in new methods 
of tackling old jobs--such as computer grading of a 
but the information above is representative of the spectrum of 


Sala an CAl. 
CAT in the Military World 
Air Force 


The military services actually appear to have become 


involved with CAI before many people (perhaps themselves) were 
19 commission Report, To Improve Learning, Vol. I, p. 337. 
OMarpolin, Computers in the Classroom DI 129 DES 

also Zinn, An Evaluative Review, Sec. I-3, Pp. 13. 
cliienry B, Slotnick and Jonn V. Knavogs "Essay (credit. 


by Computer: A Laboratory Phenomenon?" English Journal, 
icon No. | (January, 1971), 75-80. 
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aware of what CAI was. This involvement was first in the form 
of the USAF on-the-job-training program via computer generated 
cla tion for the Semi-Automatic Ground Environment System in 
1955. This was subsequently followed by simulation of opera- 
tions for North American Defense and most recently (1970) for 
Back-Up Interceptor Control zen 

Phe USAF also has implemented a CAT colrse to as mer 
personnel in the use and maintenance of the Base Level Military 
Personnel System (BLMPS). This is a real-time personnel ane 
agement system which is being phased into over 140 bases and 
female involve initial training of over 15,000 personnel spec: 
lalists. The course appears to have been superbly engineered 
memocrmit complete integration of the training of personnel on 
Dae very system that generates the training requirement. 0b- 
pate lis ly, training costs for this course will be minimal—-equip— 
ment expenses would have been incurred with or without the CAI 
em ach to specialist training. Being taught on-site, liters 
ally hundreds of thousands of travel and per/diem dollars will 
Memesaved. The course will train both the computer operators 
Ie personnel specialists who will use the BLMPS.°> Mere 
Par Force also has some CAL ade Tor trainine Sy nee 
ligence data handling systems and is developing an Advanced 


Br cructional System for the interaction of CAI with other 


NS minr. ACT, p. XXIII-1. 


“Second Refional Seminar of the NSIA, *Mpplication os 
Computers to Training, (held at U.S. Naval Training Center, 
Seu Oveeo. California, April 14, 19/1), pow 19-20: 
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Be aimıng vehicles, it will be an interdisciplinary, multi- 


ieee computer based system. 
Navy 


tae U.S, Navy also got 1ts CAT start in simulacion 
mode--in 1958 at the Naval War College at Newport, Rhode Island. 
The Navy War College device simulates major fleet operations to 
mr oyvigde senior officers a combat tactics and strategy gaming 
re. Since then the Navy has had consideran lead ewer 
experience with CAl, 

In 1966 the U.S. Naval Academy at Annapolis, Maryland, 
man utilizing CAI in the classroom. This academy is @ Tour 
meee college depree conferring school for selected Naval oificer 
@egemdates. SİX CAL techniques have been used--tutorial, tests 
ing, Ara “data reduction, proplem solvang anc simutaraom,. 


Pemrsocs in physics, chemistry, Russian, and operations analysis 


26 


"have been given by CAI. Official written dave co suppeme 


meme xtCent of effectiveness of this program is sparce. The 
MimapOlis CAI test project was partially supported by the Office 
E cation and by 19/70 was yielding evidence of its cost 
effectiveness to the extent that only slightly over half of the 


costs of CAI were borne by Navy Operations, vice Research mci] 


ly 
z CAI "Shirtsleeve" Conference, Attachment 1, pp. 18-19. 


> 
“First NSIA Seminar, ACT, p. XXV-4. 
26 

Ibid., Supplement, pp. 65-68. 


3 W. Kennedy, Capt., USN, "CAI in the Navy," (unpub- 
ies orense paper used.at U.S. Navy Bureau of Ferro E 
December, 1970), pp. 9-10. 
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The CAI test program at Annapolis has been discontinued at this 


r 


time and all original CAI team members have terminated full- 
time employment at ee 16 is not fully eviden Sro 
er zauthor what the status of CAI at the Academy will be in 
eee tuture. A study of both the educational and cost bene ges 
M at program iS now in progress, 

AU... Naval Training Center an San Diego) Calton 
w l course in Basic Alternating Current Theory is being 
taught. This course was developed by ‘the Naval Personnel and 
Meemiing Research Laboratory at san Diego. Data reported by 
that Station indicates that from 33 to 44 per cent of the hours 
required by convential techniques for certain course elements 
is saved when CAT is implemented. In addition, CAI students' 
grades are higher on both the standard school test and on a 
supplementary objectives-attainment-level 

The Navy has a very large multi-discipline technical 
training center at Memphis, Tennessee. By 1969, training 
personnel at that station had successfully developed a modular» 
ized branching CAI program with "module" packages of instruction 
asenne from 15 minutes to two hours. An apparent high degree 
eeenstructional individualization has been attained and the 
scheduled Aviation Mechanical Fundamentals course has been 

urn A. Williams, Specialist for CAI and sehool 

Femsinistration: Bureau of Naval Personnel, Arlington, Vitamin 
personal interview held during December, 1971. 


20 . . A + = . . 
(First NSIA Seminar, ACT, po. VIli-3--5,, andi ee 
personal interview held in November, 1971. 
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meaucea from four to three weeks, The success with this course 


mao o work on the Aviation Fundamentals 
reduced from two weeks to one week. This 
Ale lopbnment by the Research Laboratory at 
Meecs uo release full operational onen 


mre socal command in 1973 or 1974, °° 


Course which has been 
CAI program is under 
San Diego which ex- 


of the program eo 


There are several types ol computer Arivenz Ina 


Dee ls in the Navy, as in the other military Services TEIT 


eee ireaquently situation simulators which portray data on an 


Peer opriate read-out display device. There are usually ancil— 


IM COntrol mechanisms to counteract or at least permit one 


: : i RR: 1 
memereact tO the situation as it develops and changes. 


Marine Corps 


The U.S, Marine Corps has had very I1teız PO vr u 


CAT (excluding computer-driven simulation devices). However, 


the Marine Corps has conducted a CAI feasibility study for one 


small segment of a radio fundamentals course in electronics 


trouble-shooting (requiring manipulative as well as cognitive 


As). It should be stated that although this was only a 


one-week segment it was entirely taught by CAI and therefore 


presents a CAI course length which is considerably longer 


een the normal eivilian courses. (Recall that, for example, 


Pennsylvania State's 3-hour credit course 





———— 


Ca., pp. XVII-1--6.. 


is designed for an 


3lpipst and Second NSIA Seminar, ACT, at various 


pages throughout the documents. 
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intended maximum student time of 30 hours.) A great deal of 
care seems to have been taken by the Marine Corps School to 
rd a Hawthorne effect during CAI evaluation and in the 
opinion of critical observers it must have been ee 
Post training and retention test results were very 
fren in favor of CAI, At this point in time the Marine Corps 
Memevaluating plans to teach four radiio-slectronicoesund ae 
courses by CAI at MCB, 29 Palms, California--to some extent 
contingent upon negotiation of lease-use rights via existing 
communications networks on an appropriate computer. > Es 
rated that it will take approximately eight months to in- 
Be mate CAL into the four courses. This will result in approx 
imately 350 CAI ou in a combination tutorial-problem solving 
oe 
The Marine Corps future CAI planning (excluding sim- 
ulation) lies in two areas. The first area is’ the Marine Corps 
Amphibious Warfare School Extension Course. It is nase that 
multi-media programs can be written and assembled at Quantico, 
iiteainia, for reproduction and distribution to major outlying 
stations. The second effort is a tentative study' proposal to 
an C. W., LICOL, USMC, letter discuss ina 
testing and recommending procurement, April 1, 1971. 
en Edwin J., ETCOLS USMCS Assistant Brauer 
mead. Training and Education Branch, Headquarters, Marine Coros, 
Personal interviews held during November and December, 1971. 
34. G. Joslyn, General, USMC, “Economic snalysis em 
CAI for Marine Corps Communication and Electronics School," 


Memorandum by the Office of the Assistant Chief of Staff, G-3, 
Headquarters Marine Corps, October 29, 1971, p. III-7. 
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Serpermine the applicability of CAI over the entire Marine Corps 


weaning establishment. 
Army 


The U.S. Army has several on-going CAI programs. Since 
moo/7/ it has had a CAI system for Morse code instruction which 
reduced training times to desired goal achievement levels by 
25 per rS In 1968 the Army started a CAI test program 
Basic Electronics and by 1970 had approximately To. heur eo 
rer ronicts-course subject matter being taught by CAI at its 
signal Corps School at Fort Monmouth, New Jersey. The average 
Feames in training times via CAI for een instruc trons os 
grams was 20 per cent and the school staff expressed its con- 
fidence in the effectiveness and versatility of CAI. It was 
a stated requirement; however, that at this Command, a qual- 
Bu instructor always be the author and also be in Chem 
Boom during CAI ea By the end of 1971 Fort Monmouth 
had become a significant user of CAI with a full four week 
eanan of instruction, and a total throughput of approximately 
1,100 students who received from one to four weeks of CAl in 
Basic Electronics. It was stated that there was an average time 

3 AT "Shirtsleeve" Conference, Attachment I, page 6. 
36 ps rst NSIA Seminar , ACT. Pp. zen =. 


3ftpid.. pp. VII-4--6, 





savings of from 25 to 30 per cent over previous conventional 
is oruct ion od. 

At this time the Army's Fort Monmouth feasibility CAI 
test program is also shut-down ("also" referring to the Navy, 
Annapolis program). CAI efforts at Fort Monmouth have nov 
een ced to further testing and CAI investigation using the 
PLATO system and one of the aforementioned plasma display 
devices (other terminals are also in use). An analysis team 
is reviewing previous CAI work ee 

GAT as also utilized at the Army Intanery Trace 
ser at Fort Benning, Georgia. That base has approximately 
fimerk intantry related courses and also reports 25 to 30 
Perzeent training time reductions without any degradation in 
Seveent output Pacey es Simulation devices are extensively 
used for training in the Army at its Logistics Management Cen- 
Oee Lee, Virginia. There are three complete logistile 
‘ management courses which are essentially fully taught by CAL 
in a simulation nos, 

The Future of CAI in the Army vill De concinne e 
meat extent upon the report submitted by a top level analysis 
group now at Fort Monmouth studying the problems and effective- 
ness of the Basic Electronics CAI system (which saturated its 

ee A. Hagen, Major, U.S. Army, Operations heseaues 
Analyst, Management Informations System Directorate, U.S. Army 


Headquarters, Washington, D.C., Personal interviews held during 
December, 1971. 


me ee 


l 
Mmirst NSIA Seminar, ACT, p. x-1. 
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system hardware capabilities). One of their goals, if they 
validate that CAI is cost-effective, is to determine nen 
Baurses taught by the Signal School could or should be taught 
POCA, and the priority of conversion of subject areas to 
CAT within course structures. They are also tasked to define 
Mes ystem characteristics which could achieve the desired 
ls) There is little doubt that current state of the are 
hardware and software can be used in the nro Ve 

Ihe U.S. Army's most ambitious errort to rextena ne 
state of the art is called Project IMPACT (Instructional Model 
Prototypes Attainable in Computerized Teaching). This has 
been an on-going effort by the U.S. Army since 1968. The Human 
Research Resources Organization (HumRRO) of Alexandria, Virginia, 
(formerly of George Washington University), has the project 
Edy and development effort. 

The HumRRO IMPACT task is, simpiy stated, Lo decias 
o . . an effective, efficient, and economical computer-admin- 
istered instruction system in a total system rro 

Be, Seidel, the Project Director, 15 very conc wi 
feos, premature loading of a system into the Army training 
eeearonment without insuring that it is capable of interacting 
in an almost limitless multi-media tutorial dialogue; and in 
proper response to each student's needs and capabilitics at any 


Avent point an time, He calls this type ol a motel sitas” 


aa. Interview during December, 1971. 


gen, Review of Project Impact, p. 2. 


ne m 





l lje 


an IDM--Instructional Decision men This is a very amboi mii 
undertaking but admittedly is the most appropriate next evolu- 
imeomary Step in the improvement of automated instruction——nov 
ey inverdisciplinary with respect to the art and science of 


miweriction, but also with respect to multi-media controli 
~ synopsis 


This chapter was introduced with an indication of Uhe 
Bansiveness of the possible application techniques of I 
mermction strategies possible with CAI (e.g., tutorial, driii 
and practice, etc). It then proceeded to show examples of CAI 
meee Civilian and military worlds and touched brietiy Upon 
meme Or The more provocative possibilities being investi nn 
A few of these were: ' a 4,000 terminal PLATO System utilizine 
Zen student display device; a program design incorporating 
computer-communications integration with a vast multi-media 
emo i tory retrieval capability; a mobile CAI school; tne uce 
fee computer to aid in teaching manipulative maintenance 
skılls; war game and logistics system simulation techniques; 
and HumRRO's hardware-software research package which is in- 
tended not only to be multi-media but also multi-sensitive to 
the known psychological understandings of human learning and 


educational strategies. 


ee pp. 3-9. 





CHAPTERTTY 
CAI CONSIDERATIONS 


Undoubtedly, by this time, one has mentally inquired: 
Why CAI? We have a world that has been learning for eons with- 
emcee computerized instruction. In 1965, Coulson indicated thar 
the potential threat to wide spread use of automation in edu- 
freon would not be a problem of equipment limitations but 
would be one of our lack of adequate understanding about human 
factors--and about the effects of highly individualized man- 
machine knowledge ee Perhaps the best way to begin 
this chapter is with a discussion of some of the favorable and 


Be wvorable aspects of CAI. 
Ob ecttons ange forces 


First, the objections to CAI will be discussed. Waa] 
Aaa pointed out some problems the early teaching machine 
Solution encountered. CAI has also encountered problems. 
Many CAI programs are no more than programmed textbooks which 
nave been en by a programmer, manipulated through a 
eomputer, and regurgitated on a display device. Theodor Nerson 


So lA US tIoOns this approach to the misuse of the "comes 
Coulson,- "Automation, Cybernetics and Bancario The e 


E 





% 


46 


and deplores those programs which are merely elaborate, ex- 
pensive methods of controlling knowledge expansion. HS ee 
ieels that forcing student interaction with the computer Ev 
Br getvermined order of presentation, as many CAI programs do, 
memocneath the dignity of the mental and physical efforts res 
ed to develop such Dr Many CAL programs are not 
beyond the state Larrick used to describe teaching machines, 
Me. incapable of " .. . developing creativity and the urge 
mormouestion and Poorer 
some educators feel that just because the campus has a 
waer and something called "CAI" exists, that ipso iE 
automatic teaching is theirs for the taking without further 
w A Cure of effort. Anyone even casually acquainted wich 
computers knows this is impossible. Much of the problem lies 
at me very lack of ability or willingness on the part Torm CHE 
Cators to define their objectives adequately. They are re- 
Mant to put their course objectives in terms of acceptable 
eomputer input strategies which will permit more than a noreg 
we or outline type of non-instructionally creative data 
nation. Psychologist Robert Gerry and scientist llames 
Rogers both warn potential users of CAI that the simple avail- 
eeulity of hardware, regardless of its flexibility, is inadequate 
ee H. Nelson, “No More Teacher = fiir, Looks 


Somputer Decisions, September, 1970, po. 16-23, as referenced 
in Data Processing Management, December, 1970, pp. 5-6. 


3 


t1 


oake Teschine Machines. rg: 


4 e | 
Thomas R, lee, "Educational Usares of the Computer,” 
The Clearing House, September, 1971, pp. 63-04. 
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for any improvement in education--what is needed is an improve- 
mens in the knowledge of teaching and learning oe A 
no wlecge which can be integrated with the computers vast 
@epecity to manipulate data and control peripheral devices in 
Eee vnod which will enhance the Sec ability to learn-- 
A ae time and in.the format that he as an individual needs 
cne Moon > i.e., individualized instruction. Ceri 
Eem Ons that too frequently learning goals are nov adequavely 
translated into course objectives in terms which can be measured 
PON e en. 

One other concern, not often discussed in Viren 
but nevertheless a very real and appropriate concern, is that of 
pies invasion of privacy. If details of a student's past educa— 
tional progress are readily available and are open to all, does 
ie mean that forever his future exvectations for employment are 
meonvingent on yet another interpretation which can be made by 
mesa iring aega eon! 

Most of the objections to the acceptance ol CATE mmo 
distilled into the following brief list, which is an updated 


ewameary of that orepared by Dr. Harold Mitzel: 





ra "Current Problems in CAL," "bo. 531-352. 27 eez ar 
Robert Gerry and C. Victor Bunderson, "Preparing Educational 
Materials for Computer Assisted Instruction," (unpublished 
guidance paper used by the CAI laboratory, University of Texas, 
Miiscin, Texas, February 28, 1967), pp. 14-17. 


6 
T 


Gerry, "Preparing Materials for CAI," pp. 22-23. 
Meson) Computers in the Classroom). 952 

8 : a : Tine Sy - 
Harold E. Mitzel, "Five Barriers Hindering Computer 


Assisted Instruction, Administrative Management, June, 1968, 
Bee 15-46. 
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Im dliestors do nor kaouw the proper computer/instructor 
MIO course material for any given subject or course. 

2. wystem incompatibility is paramount, ver e EROS 
Peam>s OL Gifferent origin can be run on the same computer. 

3. Differences of opinion exist concerning develop- 
ment--should an extremely versatile operating system for CAI 
Ieee veloped, then the courses written; or should courses be 
written which contain the strategies desired and then an oper- 
eee system be designed around this requirement? 

4, Educators and parents, as well as students have be- 
come accustomed to a "standard bill of fare" which frequently 
Meees a Student's grades on a teacher's perception of what an 
EE i dual has learned, and it is usually relative to the 
achievements perceived for other students. CAI offers course 
er to every student coupled with individual objective, skill 
ime achievement data. 

5. A very exhaustive and expensive programming and 
memes effort is required for courses which go beyond simple 
AA and practice or associative learning, an "iceberg" 
analogy can be made. (At Penn State, sophisticated programs 
offering alternative-remedial procedures are usually used only 
to about 12-20 per cent of the m stored program or Tier 
pao Tor most students. Although, of course, different stidenes 


use different elements of the program.) 
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Noweter the brighter side of G20 potenriae Because 
Ms a method of individualizing instruction, the E 
controls the system and education can become challenging with- 
Ac eine humiliating; and can be motivating without being 
Pee i epriving.” 

Dr. Silberman equates knowing with memory aro trans. 7s 
oes On to indicate that the ability to transfer is more 
important than the ability to merely ze Transfer 
implies association and recognition that a problem or oppor- 
My exists. Different students and different subjects re- 
Ber dirtTerent teaching strategies, but our presens school 
construction and organization methods are nov Conductive re 
weing our ability to capitalize on individual learning 
Mi ences. 17 CAI has the potential to give every individual 
a private tutor; an analysis of teaching-learning response in- 
ans iistencies; and a call for human help when resolution Ts 
beyond the patient, but inhuman electro-mechanical, man-machine 
mira ction. With CAI, the teacher can once again become some] 
thing beyond a drill master--but the biggest single problem Is 
memorming the teacher, not the curriculum ned ant ies 
problem is also discussed by Dr. ilargolin and Ms. Misch--they 


w end that part of the reason for the failure te advance une 


Na "No More Teacher's Dirty Looks," pp. 5-6. 


ee E. Silberman, "Technology is Knocking at the 
Schoolhouse Door," Fortune, August, 1966, pp. 203-0%, 
ume 


Be ee ln lepid., pp. 124 and 198-99. 
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model of individualized instruction and analysis may ER 
er ro selfi-imposed current limitations in teachers! ey 
Casual attention to today's news bears out the Fee 
we no longer have the teacher shortage of the late 1950-early 
meo0's. In fact Diemut Heller points out much of the present 
emeetion to CAI is that in an already overstaiied public seuss 
Meee, personnel are more concerned about retention oi Chein 
positions than they are concerned about a possible lowering of 
teaching orden Yet there is evidence that CAI na 
the human evaluator to be an even more integral part of in- 
struction. He can analyze each individual's performance com- 
Mely through the learning cycle and right up to the specii 
ILS 


aan objective success or failure. Án advantage inherent 
De ie programmed text and the teaching machine became even 
me obvious in CAI because the: " . . . student always knew 
where he stood, without waiting mis 

With respect to CAI and lower 14 Troun h ee 
Beer 2 several authorities who have. study results which indicate 
Br eschese individuals fare scholastically much better with CAT 
Ef 


mem with conventional instruetion. (However, the caveat 


19 
14 


Margolin, Computers in the Classroom, pp. 298-299. 
Heller, "Technology in Education near > 
IL 


Fora, "CAL for Navy Enlistedlrainamne Pr men 


also Hall, "CAI: Problems and Performance," vv. 629-30. See 
also Butler, "CAI in New York City," pp. 86-87. 
16 


Skinner, "Teaching Machines," p. 976. 


ir 


Heller. Wechnolossır Ever vn az 
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er sented in Chapter III concerning the Florida State Seas 
regarding literacy should be kept in mind.) l 

bae computer will not harm educavicm nes eee oe 
or, and it most likely will not be permitted to be improperly 
used in American educational institutions. Proper toa rhii 
Bem@entvation about CAI is essential--it will permit the instructor 
memoecvelop a more creative, genuine interest in the Au 
Denny rate, CAI will probably not ever occupy more than 20-30 
19 


Ma cent of a student's total class time. Ine fearta 7 al 
ennan instructional orientation therefore appears un Onn 
Another not so small beneficial "consideraron AS 
Bee 75 in education is the potential expansion ef the ayar 
Ela yy Of entire libraries and research files to every senool 
ememracility with a computer and communications ees 
Chapter III gave many references to the lime a. Cee. 
CAT over conventional instruetion--usually 20-30 per cent ol 


the conventional course length hours are saved. This savings 


emsmot be ignored. 
Achievement 


Very little has been written which will support state- 


Ments relative to increased comprehension rates Which may accu 


1opruce L.e Hicks, "Will the Computer Kill Education?” 
Baueation Digest, September, 1970, pp. 10-72, 


IO patrick Suppes, "The Teacher and Computer-Assisted 
Instruction," National Educational Association Journal, (Feb- 


ee u A u u nen re Denen © 
pm i mn a o PP S 
. 


“Ustephan J. Knezevich, "The Admtnistrator and EDP,” 
> . * cs = Aes 1 = A = u » Ce r 
National Educational Association Journal, (February, 1967), 


PRO 
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Memouuaents who use CAL. As indicated at various places in 
meer III, most institutions have simply stated that ee 
Maemmo degradation in learning achievement by students taught 
via CAI. Both the Navy and the Marine Corps, however, have 
Berstively indicated superior learning achievements and have 
fora tO Support their statements. 

The Navy's results showed CAN Scorcs ol sions mee 
memmeoetLer, on the same examination, than conventionally TL 
Beueerea control group student scores.* It did not appear Go 
researchers that the "standard" school examination actually 
tested for achievement in those objectives which the school's 
supervisors stated they were attempting to have mastered by the 
nes. Accordingly, a supplemental test was develouecd aga 
au@eeoved for use. It is most significant that on this courses 


objectives-oriented test, the CAI students scored from 14-23 


wemgmeent better than the control group. ln every mental lever 


Beemecory except one the CAI students did better on tne oject e 


Ac han they did on the school examination. In both Tests, 
Mater er, CAI students consistently excelled over control group 
2» 

Semeencs at all mental levels. 

The Marine Corps test results Sl e AT rlererrronr zz vn 
tenance training also indicated that CAI trained students achieved 

list NSIA Seminar, ACT, pp. VIII-3--6. (San Diego 
performed a two-way analysis of variance and results for the 
school and surplemental tests showed very high statistical 


slenificance, (p. <.001 and <.0001, respectively), in favor of 
CAL students--p. VIiI-3. 





e 
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greater learning. CAI test group students corrected 87 a 
cent more instructor-induced faults which were ins ae 
Met equipment while undergoing CAI training than did the 
non-CAI control groups (all groups worked an entire week), 
Eighty-eight per cent of the CAI students achieved a grade of 
00 per cent or better on the school's examination for that 

week, while only 32 per cent of the non-CAI students scored 
that high. The final practical-test examination was one in 
Bepairing a series of electronic faults which were identical 

for all students but which became progressive limo roca ee 
Solate and repair., It was the school's standard final 
wea CcCal examination for that week's instruction in the cource. 
MAT students successfully completed the 90imminut er S 
ation with 88 per Bent of them doing so in less than 60 minutes. 
Only 60 per cent of the non-CAI students successfully completed 
ne «A (This author has first hand knowledge of the elab- 
orate precautions taken to avoid a Hawthorne effect for this 
Best.) 

Both the examples cited above are Tfairıiy-cbviou nz S 
dence of the possible unintentional lack of both objectivity 
and individual attention possible with normal student-instructor 
ratio constraints imposed Dy one instruction techniques» 

Edwin J. Godfrey, LTCOL, USMC. Assistant Eranerae E 
training and Evaluation Branch, Assistant Chief of tati 
Headquarters Marine Corps, Arlington, Virginia. Personal in- 


verview held during August, 1971. See also Blythe tera 
Peri Ll, 1971. 





5 

Bere achievements once more point up the powerful capability 
Acne computer to individualize instruction and teach a 
rate consistent with the learner's present capacity--"CAI 
moerams are limited . . . only by the knowledge and insight 
of the program SS 

We will now «shift to a different background-knowledge 
iRage Classification of students, that is, the New York City 
Bniplish and mathematics drill and ee CAI being tested 
with elementary school children. The "reported results give 
Memewhat conflicting data. The first year's.study indicated 
that: "CAI students earned higher gains in most grades with 


nal 


[statistically] significant differences . . The second 


Ns report indicated that: fewer CAI lesson blocks Mere 
completed than was expected and there was no consistent pattern 
Gememorovement or degradation between CAI and non-CAl léarnere: 


Mhere was an indication of CAI improvements for grade five 


> 


Ermdents and of non-CAI improvements for grade six students. 
These conclusions may be considered reinforcement for the Linda 
Carson quote which immediately preceeds this paragraph inasmuch 


as the second year's report also stated that: "The provision 


ee Carson, "Computer-Assisted Instruction--What 
It Can Do For Education," Educational Media, October, 1969, 
A, 


er. MCAT in New York City: First. Year, urn 


E 
“Theodore Abramsom; et al. Evaluation of the New York 
ty Computer Assisted Instruction Project in HPiementary Arigna 
metic, Second Year, 1969-70, (New York: City University of New 
York, 1970), pp. 89-91. 
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in the CAI program for matching [instruction to] differences 

ee napil ability . . . was insufficient .. . 2b ea e 

a stern warning evident here for the absolute requirement for 
well-prepared, well-tested programs. Two items are worth 
mentioning: New York City's programs are both commercially 
prepared packages; and a possibility exists that in this school 
rem a Hawthorne effect probably did exist as alluded to by 
the study eo This fear of achievement and/or 
Mann Gime compression being a Hawthorne effect Is erir namn 
any, recently by Elizabeth Wilson, Director of Curricuiia 
EZ lopment at Montgomery Public Schools, Maryland, i 


should be emphasized that Ms. Wilson was speaking of drill and 


Maeereri1ce CAL observations. 
Cost 


There is an enormous amount of non-standardized, non- 
ii orm, and therefore conflicting information concerning Cal 
eo tS . 

Most data refers only to total CAL preparation col. 
ou: of instruction, not to total system operations cesta a. 
"Estimates range from $20,000 to $2,000,000 to produce 100 hours 


iia | 2 
of adjunct material for a one-year course.” 9 Duncan Hansen, 


ee 0 09. 
2 i 
mid., PATOS 
EOL. Computers in the Classroom, P. 2593. 
ao 


Zien Evaluativerkevin, zer ai er 
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aE ported by Zinn, also indicates preparation cost data no 
30 e 
lower than $194 per hour for a 180 hour course. Part of the 
data problem is that there are very few really long term CAI 
projects upon which one can substantially rely for cost infor. 


SL 


mation. (A 1968 ARIES Corporation report did show conven- 
tional instruction costs per student hour as $.36 for Elemen- 
au Secondary Schools and $2.76 for higher level educational 
Mee itutions.)-~ 

iy may be recalled from Chapter e E University 
we Linois has had an on-going CAI effort since 1959,33 Te 
Ee ranted that since 1959 a myriad of CAI ek. in 
w gues, hardware and software have evolved, DUC CATES 
mie! at that school have recently released estimar rosal 
ea ent PLATO III and projected PLATO IV systems. (The full 
PLATO IV concept is not operational at this time.) Authors 
Alpert and Bitzer have made estimates for PLATO III using cur- 
mete Olf—-the-shelf terminal hardware with 2 thira=generation 
Semputrer. They indicate that education costs could be approce 


Mae ly $1.90 per student contact hour with 50 terminals ieee 


mmemucding software costs. Software costs were estimated ag 


0 
3 feds. Secs, L er 


Ea K. O'Suliivan, Forest Service fe ese ee em 
Computer Assisted Instruction, 1968-73, (Report by the ARIES 
ma poration for the U.S. Department of Agriculture, washing tong 
ee m June, 1968), p. 36. 


BZ 
MA O. S18 


3SA1pert, "Advances in Computer-based Education," 
DEMO 2. 
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from $400-$800 per hour for material preparation (inclusive of 
author's salary and supportive services--e.g., rote ON 
secretarial, computer trial and de-bug time, ete.) 34 Looking 
at averages, this could mean as little as $8.40 for preparation 
Mass tor a 35 hour course if 500 students per year took che 


> 


eourse for each of five years. iiese Men Nave sae lace mle 
estimates for follow-on PLATO IV system costs incorporating a 
large third-generation computer and 4,096 remotely located . 
plasma display terminal devices. Assuming 2,000 student con- 
tact hours per year, costs are estimated at less than $.40 per 
tene] contact hour of instruction, inclusive of all ES 
First year costs for the CAL program in New foun er 
fmewercved at $3.73 per hour of instruction, inclusive of all 
meee and second year costs were estimated Lo be $3.17, 
Sustained high annual student througipuc is an ebvecr. 
STO lowering CAI costs. The Navy already estimates annual 
Pees of 707 man years from instructor and student—training 
time reductions. This savings accrues from the elimination of 


wone week of training from each of two courses orfered an 


their Memphis programs. The reductions were possible because 


ce p. 1586-1587. 


35Average Cost = $600; $6002(5x500) = $.24; $.24x35 = 
So. 40. 


SO nipert , "Advances in Computer-based Education," 


mee 1500-1539. 


3f Butler, ucalan Nev orka a ao 
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che more rapid throughput- possible with individualized CAI 
meine. After all costs for CAI support are ee annual 
net savings are still over 52,000,000. 28 

The Marine Corps has prepared an exhaustive CAI cost- 
Denefit analysis estimate. This analysis indicates that sub- 
stitution of a combination CAI-lecture program for the present 
meeanigues will yield an annual course savings of over $447,000. 
tee Cata is based on 1972-1973 student input estimates Wnai 
include appropriate reductions in numbers for peacetime man- 
@ewer levels, ‘The savings accrue from the integration of CAT 
Mist four courses of electronics study and inelugqed alm 
feeecOsevs and anticipated instructor and student-training hours 
savings. >? 

While the annual saving is not so impressive as the 
fons, it iS again mentioned that the studenci throchi uta 
aime factor in total savings, and that these projected 
SeS can not be considered insignificant by normal standards: 

Major Craig A. Hagan, an Army systems analyst. Conn vee 
AN study over an approximate three month time frame, Ins 
study culminated in the preparation of a most comprehensive, but 


unofficial and unpublished, overview of CAI. Major Hagan assumed 


me stem using a centralized computer in a regional training 
38 


32y, G. Joslyn, General, USMC, "Economic Analysis of 
Aom or Marine Corps Communication and Electronico School.) 
(Memorandum by the Office of the Assistant Chief of Staff, G-3, 
Headquarters, USMC, October 29, 1971), pp. fil-9. 


First NSIA Seminar, ACT, pp. XVII-5--6. 
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concept and reliant on present day data transmission modes. 
Student throughput was consistent with current estimates. He 
ame so assumed an off-the-shelf computer system capable of 
Beine 4,000 terminals (2,000 of which may be remoted from 
100-150 miles) with a system inquiry rate of 2,000 requests 

per second and a response time of one-tenth of a second or 
Mall hardware costs were computed using current market 
prices. Software requirements were considered at 180 hours. of 
preparation time for each hour of CAI material developed. (It 
e determined that if this development were to be done by e 
MERR vice employee at current rates, this would approximiave 
$1,098 per Hour. Recall tham ini estimated preparation ses 
Sno n $200-$2,000 per hour.) For planning purposes, it was 
Gm Eed that 500 hours of CAIL course work would be considered. 
Using this approach, Hagan's results indicated a $.55 per student 
hour cost of CAl-only related costs based on system use for 

only eight hours per day on a 22 day per month basis. (The 

Bet ervatism of the analysis is evident in that this is an 

Bee ase in per hour costs of over 33 per cent of the PLATO IV 
system estimates.) Because he is aware that not every course 
Seminstruction can be practically taught by CAI (his apt example 
was physical training), he assumed only a 30 per cent instruidos 
pmemovernead reduction in courses converted to CAI. Hagan stiik 


arrived at a cost savings in excess of $1.50 per hour compared 
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cofwnat the Army is currently spending on training in its 


40 


Schools. This study was one of the things vvhich pen rton 
Bun zaagvarters directed analysis group which is now at Hort 
Fonmmeutch to substantiate or reject CAI cost and configuration 
data, ‘+ 
it should be pointed out that Major Basan Vs CAs) som 

fjMeeuest rate of 2,000 inquiries per second has built into av 
Icy iactor of two. If only 12000 réequcsesagser secon. 
experienced (which would be consistent with PLATO system data 
based on 70 million requests), there are four hours of computer 
time available during an eight hour student contact day; plus, 
of course, the 16 hours not used for training every 24 hour 
sa 

ft is apparent that cost estimate. o oram E 
y Bone in arriving. In 19658 the ARIES Corporation aaa 
Aired to investigate CAI, found only one analysis of cost 
Monica they would rely (prepared by Kopstein and Seidel). 
Those CAI cost estimates ranged from $2.00-$3.73 per hour for 

15 


perce schools. Examoles given above show clearly the 


Major Craig A. Hagan, “Compuver ASci oredan 
Me): An Overview," (unpublished paper prepared for the Mies 
ector, Management Information's Systems Directorate, U.S. Army 
Ber varters, Washington, D.C., September, 1977), pur 27 > 
Passim. 


l 
os Craig A. Hagan, Operations Research maryzın 
Maurice of the Assistant Vice Chiel of Stafi, Uso nte e 


quarters, Washington, D.C. "Interview held during December, 10718 


42 
43 


Hagan, "CAL: An emo nr 


O'Sullivan, Forest Service Report, pp. 36-67. 
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decreased costs of .CAI and the increased use of CAI cost es- 
timation methodologies. They indicate that CAI can now be 
Cost-effective for some applications. Those studies also seem 


wor onow that CAI has not yet forced changes in traditional 


Tool administration techniques. 
Hardware 


Fortunately CAT systems do not require any peculiar 
memoware research efforts to function: Present computer haras 
aae Capability is so powerful and on-line storage Capacities 
ee E O vast that they do not impose limitations on any known 
mn pplication seriously conceived today. The CAT limitation. 
ere of language and perhaps most importantly, psychological and 
behavioral teaching strategy constraints; not of hardware com- 
ieee ional. manipulative or retrieval constraints. (Much of 
memes reflected in the first section of Chis Chap erio 4... 
Pepi aat fact--that the problem is not one of hardware.) TAS 
Bot to say that an improper or ineitficient enalyscis mer 
moe result in accepting a system which may be inadequate tor 
fre CAL task demanded of itv. 

The primary reason that specialized aarcyares. = ee 
demanded for CAI is because of developmer.ts made for the bus- 
iness and scientific communities. They have already provided 


tae incentive to manufacturers for development of thesen’ zn 
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meh are also essential for economic utilization of ee 
in an instructional role. A few of these features will be 
M cussed. 

Remote inquiry capability is an obvious requir on e 
widespread economical CAI implementation. Examples of con- 
templated systems having up to 4,000 remotely located terminals 
Mmmm been discussed in this chapter. These systems can u e 
off-the-shelf hardware already developed for non-educational 
Mie vuction users. Remote inquiry capabilities Tor an openers 
CAI system immediately presents the likelihood that time-sharing 
and multi-programming operational modes are highly desirable. | 
These capabilities have also been previously developed for in- 
oral and military computer users, The avances Mica 
been made in multiplexing and message switching techniques also 
become spin-off advantages for CAI by permitting long distance 
meeronal transmission capabilities witheut inereasing Tine 
Pemetruction or microwave frequency band requirements. 

Although this wind-fall of harduaresreiinenens an 
greatly reduced what might have otherwise been CAI hardware 
ee welopment costs, Some problems remain. Por example a peleuyoe 
merminal is hardly an adequate student terminal by Iesers, 
because of both the T. levels and the limited type-in and 
response printout rates. Cathode Ray Tube (CRT) devices which 
can augument the keyboard (perhaps also permitting use of a 


light pen) greatly alleviate the noise and rate problems but 





% 


63 


may set up conditions which are annoying and tiring due co 
ijmeokecring of the letters or figures presented on the Scope 
nee, 

As multi-media approaches to CAI continue to be developed, 
men as is being done at Penn State, greater demandas Ae 
placed on the student po MN Current multi-media, multi- 
mesponse selection devices almost approach a “Rube Goldberg” 
meee, except of course that learning is a serious ma naa 
Mare the best devices available, The mobile CAT Fan 
the author visited, (discussed in Chapter III) has a vast array 
of stimulus-response devices at the student terminal. These 
mmeiude: Keyboard, CRT, auxiliary image projector (controlléa 
by the computer but responsive to the user), light-pen, audio 
Fenaling, flashing light signals, and a foot pressure-plate 
optional "proceed" signal. All this is in a very well designed, 
easily used, highly visible package. (In fact 16 such terminals 
Bias aceompany the computer and storage devices in the ’exrpanosızy 
mobile van.) However, if the multi-media terminal is ever going 
meemove into the home it will probably nave to De more compact 
Ama yisually acceptable. 

The plasma display device, also firs’ mentioned ran E 
ter Ben mo or Seelen al research effort. MAS 
being developed and tested at the University of Illinois. AS 


mes use and name somewhat infer, the display proyecto 
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"Student, Teacher and Machine," p. +5 
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generated from a gas-fitted glass container with transparent 
eeeecurodes. A few words concerning this display are re 
Mees device is currently in a prototype stage and will be mar 
under the trade name "Digivue." It will be compact (approx- 
imately 10x10x20 inches); will be capable of receiving and 
Bransmitting information in a digital format (enabling up to 
7,000 student stations on a single educational-TV channel); 
and is estimated to cost approximately $1,800 (exclusive of an 
Segional random-access audio system for vocal recording of Wlioca™ 
messages). Display will be via the plasma panel media and will 
be flicker free. The device will also be capable of self-gener- 
amon of image to A 
One of the significant harcweare decisions ke ae eee 
Bere to be made is whether a single central computing facility 
P more appropriate than several decentralized (perhaps spec- 
ialized) CAI computer locations. Florida State has issued a 
meyers which presents the thesis that centralized systems Wire 
wo erful language are preferable. The report authors Heel 
Be aque to the staffing and maintenance requirements of come 
Büter systems the use of a multiplicity of computers may welt 
prove to be economically un A It should be nenne rennen 
memevyer, that Dr. Seidel views decisions concerning cener a k AAR 
150, Alpert and D.. L. Bitzer, "Advance rm mM Con pon 
Based Education, Science, Mareh 207 IO Trn a oe 0A 
l6 Henry e Y a Edward V. Harris, ArL: AS 


native to the Multi-Lancuace Environment for Equcarion p aee 
State University Systems Memo No. =, August 15, 1970), pp. 2-4. 











ensdecentralization of computational powers as functions oa 
Bean ogy of cost, complexity, and frequency. That is Go say 
manent, complex decisions and tutorial strategies vill probe 
Bar require the capacity of a large central computer. An on- 
fe minli-computer may prove cost-effective for problems of 
intermediate complexity. And he feels that terminal devices 
sn have built-in simple internal computational as. 
(This is of course a rational declaration but it remains to. be 
meever tO be effectively capable of being implemented, It may 
be more expensive to develop prototyoe models and to study the 
problem to the last nickel than to pay data communications 
transmission costs.) | 

The term, "interactive" has sometimes been used to define 
Maja hardware and software capabilities. 1t seems more appros 
Mike to use that term to define a specific interre latedimane 
Menne response sequence. Such a sequence exists Wien a pros 
gram design enables computer-generated terminal information to 
a user on the basis of the quality of the user's response to 
Previous information oe It is really therefore 
Tara than just a hardware or software capability, Ti ts adepene= 


erw on both, but has most operational reliance convingenu pee 


ee "Review of Project. IMPACT,” po. lec 


ee: L. Feingold, "PLANIT--A Language for CAI," 
Datamation, September, 1968, o. 41. Also discussed with Dr. 
enärles H. Frye, Director, Division of Research noc 
ment Resources, Department of Health Education and Welfare, 
feemineson, D.C. during Januery,619 72. 
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the program software, without which interactive response can 


Nee OC initiated. 
Software 


It is rather obvious from the statements made in Chap- 
fers il and III that the software world of CAI is explosive. 
There are over 40 different languages at present. 

Dr. Frye, now with the Department of Health Education 
moe welfare has classified languages eo folie mea) On caterer ae 
meavenvional compiler; adapted conventional compiler: interes 
active computing and display; and specially devised instructional 
author-languages. A brief discussion of these categories and 
Ween language capabilities ee 

The "conventional" category includes languages such as 
meee and FORTRAN; both require an experieneed prosramnnerzror 
cient coding. These languages were not developed for CAI 
ena although it is possible to write CAT programs in them, 
Mery difficult to do so. 

The "adapted conventional" is, as’ 175 Classit leat. 
implies, an adaptation of a base language--CATO and FOIL are 
Am ations of the base language, FORTRAN These languages 
Mier simplier than their base languages but selll requires 


Peamming experience for efficient use. Both CATO amd FOr eS 


mend the power of FORTRAN for the user by the vecinique ses 


l 

e: H. Frye, "CAL Languages: Canabilit teen. 
Applications," Datamation, September, 1968, p. 34. 

50 
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Peewriving wry explicit FORTRAN subroutines which act en e 
MT prograr tia the FORTRAN compiler during program executions 
meectal routine identifiers written in CATO or FOIL are trans 
Med into cp2cific FORTRAN subroutine calls. For examp iF 
sEcdapted conventional instruction to check for an answer 
meaceh" could activate a subroutine which would result in a 
maten check sequence and would define the next action. The 
basic programming language is FORTRAN but FORTRAN has no such 
Mmary instruction label. 

The "interactive computing and display" languages were 
w l oped to support the student-user by extendine Mis aos 
Paso lve problems, They usually provide great deal of com= 
A? power but are not normally efficient tor recordi oe 
E non termination and re-start, or Instruertlional sequence. 
but they can be learned in a few hours. Examples include, APL 
TREBRASIC; both languages are not only easier vo learn thange ie 
Eee ed earlier but they also diasnose ana revort errors az Te 
Meet as they are encountered. Both APL and BASIC are primey 
e nages, that is, they do not rely on a separate Dase ylang 2. 
as do CATO and FOIL. These languages were developed to enhance 


mMeer-service requirements in an interactive operational modes 


—— 0000 


>Ipr, Charlès He Frye, Director: Division oi Te 
and Development Resources, Department of Health Education and 
Melfare, Washington, D.C. Telephone interview during Jane 
1972. 

oe 


Paul Tenezar, Research Associate, Computer Based Re- 
search Laboratory, University of Illinois, Urbana, 12a 
Telephone interview during January, 1972. 
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(By interactive it is meant that the computer and program 

Fr vems are designed to permit real time response interaction 
between the data files, finalized computations and the user.) 
Because of their basic user-service design these languages are 
Pemarıi]ly user tools rather than student monitors or course 
progress recorders. Either of these languages may be viewed 

BE seratch-paa tools in that, as a rule, once the Us T OE 
Sis solved, retention of the logic and technique Toi m Omena 


23 (As would none 


Perens problem is probably not desired. 
Me oí say, a FORTRAN user's program for a2 repevivive vyoe 

Meme however, some CAI course programs are run Using Ar teed 
BASIC.) These languages do not usually permit a display any 
Mer complicated than can be easily presented tonta CNO 
merminal. 

The "specially devised instructional author-languages" 
Pemerally have a capacity for monitoring performance and recore— 
ileeping, and have capabilities for building and administering 
mmsuructional sequences. These languages wall autvomacicaly 
format output messages which may aid the course author in dev- 
eloping his lesson strategy. ICU/PLANIT, TUTOR and COURSES 
WSTTER are examples of this class of language. VTney aretune 


easiest languages discussed to learn, > Because ICU/PLANIT is 


E 
Pre, personal interview. See also Frye, "CAI 
Languages," p. 35. See also Lippert, APL, p. 16. 
54 


Tenezar, interview dunas aa ne O ee 


22 Prye, "CAL Languages.” m. 282 
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ene newest and is representative of the most powerful CAL 
author-language types, more space will be devoted to cen 

These author-languages are not dependent on any other 
root language as far as the program author is concerned al- 
though they may use another language as a means of implementing 
the programs on a machine. For example, PLANIT may be viewed 
as a separate isolated language ina CAI operating system; 
Bewever, to make PLANIT more machine independent its presene 
form began with a pure FORTRAN base. ‘It is now a meta-FORTRAN 
language built upon American Standards Association FORTRAN IV 
elements which were determined to have machine and operating 
system independent features (e.g., DO, 60, one dimensional 
arrays, and some library functions). This basic language was 
gehen expanded upon to use efficient machine transferable coding 
features needed for CAI, such as appropriate Ucho r andes. 
assisting subroutines. The present PLANIT language has very 
powerful author-assist and calculation modes and may actually 
Besezalled a CAI language system. According to David ©. Aaronson, 
SoD C-—PLANIT developers, one of the most important features 
edded was the ability to write variables that could be converted 
Ala teral constants prior to ultimate compis LAS 
jmrsures that data values prescribed as variables in caer real 
code, for example the dimension for an array, would also be used 
in future programmed checks on that array. Aaronson indicates 


chat one of the major obstacles to machine Indepengereer Ze ger 





© 
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Of insuring that the program can agree with the machine imposed 
data format rearrangement requirements—--the ICU/PLANIT ten 
Meercomes this: " .. . by specifying both the program and 

data formats in terms of the same set of varian 0 The 
addition of these language changes and coding features is what 
prompts Aaronson to’ also call the PLANIT language a meta/language, 
Great least meta/FORTRAN. 

Unlike CATO and FOIL, the course author Writes vitesse 
gram in a PLANIT language, not in FORTRAN. This author-language 
Mapeetorred to as ICU/PLANIT, Instructor's Computer Uti mie 
feorremming LANguage for Interactive Teaching. ‘The ICU/PEANG® 


of The 


S em is not only interactive but is also interpretive. 
Wer rpretive feature may well spell its demise as a poweriul 
system for CAI applications requiring simultaneous interaction 
th several terminals which demand highly computational pro- 
cedures. It remains to be seen whether or not present day 
machine speeds will over-ride the inefficiencies of PLANIT's 
meperpretive routine. COURSEWRITER also provides a very 200d 
y interactive CAI system but 10 suiliers severely iro 
me of computational capabilities (this is because it was man 
even designed with any significant computational capabilities), 
ne C. Aaronson, "ICU/PLANIT: The A11=Purpose 
Machine-Transferable CAI System," (paper presented at the 
Mristitute of Technical and Industrial Communication, coloradas 


State University, Fort Collins, Colorado on July 20, 97a 
pp. 3-5 amd 9-10. 


pic, op. 3 and 10-16. 





6 


(1 


58 


me is not machine independent. CUTOR T University Or 
irnos" PLATO system language, is not only highly in ra cip 
but has been designed with extensive computational capabilities, 
m unlike PLANIT, TUTOR is not interpretive. ?? TUTOR, Newe vers 
has the unfortunate handicap of not being machine-independent 
ema Cherefore its present programs will net run on anys Sum 
other than those with hardware characteristics of the PLATO 

Sent iguration. 

All of the languages discussed to this point have a 
branching capability which can be based on a student's response, 
ee can all therefore, be used for CALS) Ihe  chote sn... 
ferences lie in the ability of each category to do the instruc— 
Meal job desired. At the very least, the more Tutoriale aa 
meatomue-oriented the material must De, the more powertui an 
mms of external simplicity and automatic invernal selec ae. 
the language must be. The extensive work done at the University 
Soeiiiinois has been previously mentioned. As one indicaron 
ersche state of their CAI software capability, Kari 4Zinm fas 
Daen, “A PLATO tutorial logic provides tae most. Ss improrena 
convenient 'language! I have seen... +." (Author's note-- 
the ICU/PLANIT system had not been demonstrated at this time.) 
More recently through, Dr. Seidel has reported development of 


ee "CAI Languages," p. 44. Also validated during 
Bes interview with Tenezar, refereneedz rar 


37 


ee L. Zinn, “Instructional Programming Tanti nT E 
7 r r | 
Educational Technology, March, 1970, pp. 44. 


Tenczar, interview during January, 19/2. 
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12 
a software product. which can be learned by an unsophisticated 
author in 20 minutes and which will interface with a a 
ch as TUTOR or COURSEWRITER, ©» 

The computer can now simultaneously administer and 
ewaluate different tests and one to numerous studon E 
Frederic Lord felt.that once we had established an appropriate 
hierarchy of knowledge, it would also be a simple task for 
Sempouter software to be developed ein would enable the com- 
Boter to actually "design" a different test for every individual 
and report its n This apparently is more diii mo Nir 
ee than to say. As reported by Frei, Chere is Sri 
agreement on what the capability of a CAT language should be. 
Mmemeeoes on to identify why this is Soren eee 
momcevelop instruction strategies that properly prescribe Wier 
e Program should do based on the User Dee ya 
M tanding. ?? 

Listed earlier in this chapter rere ive arco moi 
effective CAI--one of those was the lack of compatability of 
software and hardware. An example ae the inordinate err rerni 
involved in converting systems is indicated by a statement made 


that it could be extremely expensive (up to $500,000) to convert 


o "Review of Project IMPACTO T a 


“Frederic M. Lord, "Some Tesu Theory Mor lalo ar. 
Beruction," (paper presented at the Confer eE a 
Based Instruction, Learning, Testing and Cuadance, hela wag 
Pectin, Texas, October 21-22, 196mm. ace. 
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Hans=Peter Frei, "Study Trip To a Zn 
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EAT language from one hardware system to a competing firm's 
Meare.” It would be very, very difficult for an a 
Biere this type of potential conversion cost: partico Tor TER 
meplacement hardware is desired or required for any of a number 
eeeceasons--just two of which might be saturation of the preseno 
System or withdrawal of the manufacturer from the market place. 
Mine other hand, one paper has reported BASIC simortar ce 
APL with only four hours of programming time being er 
Obviously a great deal of investigation dandandi ae 
quired before an organization commits itself tc any software 
Preesram, 

The language capability and aneonpeac ipa? Borer 
will undoubtedly reign supreme until CAI users become more 
united than is now true. The decision as to what to buy Ge 
Peeelecision to buy at all is made) is fraught wivnm problem. 
MM tary users are not generally permitted to buy product on aS 
wi Competitive bidding offerings. There are well known erort: 
to eireumvent the problem of being "locked-in" with a single 
Semoucer supplier just because a program was initiated wit fim, 
Mié best example is the U.S. Government's insistance Chace m 


Men—tactical general purpose computers be bid nitha can Ber 


me accept COBOL. Perhaps something like this should Le*cons E 


— 


ee Oriented Instruction/Computer-Oriented Pro- 
gram Instruction," a presentation by UNIVAC Corporation to the 
USMC at Headquarters, Marine Corps Wa mingt omae e 
June 11, 1970. 


ee LELE p ler 
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for CAL languages before the services are committed to eras 
CAT systems. Another of the software problems is the anne 
ieeupurers’ reluci2nce (wisely) to develop CAI materials while 
Bemcatvors cannot adequately define course objectives. sera 
Beoerner problem is that there is unsufficient CODY ri Chr spre. 
Mererton to insure CAI authors that illegal reproduction of 
developed CAI software without compensation would be a. 
There does not seem to be any great fear Jointly e = 
Mdr cd by the services over the software Iinconpario Tinie 
Meem for CAIL. There was some concern voiced al the Moias 
Services CAI "Shirtsleeve" Session about the lack of software 
commonality, but it appears that an "institute" (pressure?) 
Aroa ch was not fully acceptable to conferee?! (reasons were 
Derzsgiven). This in spite of the fact that the subeommittee 
tasked with CAI research requirements had also reported to tne 
joint group the need for integrated efforts: " .. . we have 
meen to move away from total dependence on the traditional 
individual scientist working apart. from obvious real-world 


68 


problems." 
Major Hagan feels that the software incompatibility 
problem is significant and that the military must soon address 


T o? "All of the services may already be Victims Oreo 





Commission “on Industrial Technology. Lope 
Mearning, Vol. I, p. 331, 


OT eat Sa 


Er 
pemet and Sec. LIL, 


tsleeve Session, Software Committee Report, 
pr L. 


Ibid... Pee Di Te 


Hagan, "CAIL: ~An Overy le 
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incompatibility as they anticipate any future expansion T 
Mair current CAI o ie One possible software son 
Ban extension of current Human Resources Research Organiza- 
fom (HumRRO) and University of Illinois efforts to develop a 
Computer Assisted Authoring (CAA) capability. with this 
Em Di lity the machine leads the author through course devel 
@ement and generates its own object code for the CAN course. 
The author need only know CAI techniques well enough to com- 
e hend the implications concerning the machine indicated 


; E ile 
alternatives he may os. 


Support Personnel 


As can be deduced from the earTerzeerionzsorz nen 
Re quipment does not at this time demana peculiar suppore 
personnel skill identifications. Program Maintenance or = 
requires the skills normally associated with a well managed, 
Bee, computer oriented organization. Ine Navy Trainings 
sach Laboratory identifies these skillstas those hela by: 
sermpucer analysts; systems maintenance-analysts; Programm r k 
sempucer operators; terminal operators for remote, bavch spur. 
and card punch operators. The 1968 ARIES Corporation report 
W cs essentially the same computer personnel-support skill 


a 


requirements. 


fOne ran, Interview held during December, 1971, 
Tagan, "CAI: An Overview," pp. 30-31. 
Tenirst None mars Ener XVII-N-6. 


(Sorsullivan, Forest Service Research Report, pp. 39-40. 
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Again, the problems in CAI implementation are not 
primarily of a hardware, but are of a software inc NN 
and course-author-teaching strategy nature. There is a eae 
scious effort on the part of many to insure that only subject 
Seperts write CAI programs. This is known to be true in che 
Marine we, and (to present) in the Army. > The Navy's 
amp rosen is more interdisciplinary as 1s evident by the program 
development of the Memphis courses through an integrated effort 
between regular school instructors and personnel research re- 


76 


presentatives. The Air Force also uses en interdiscirp nmaa 
amor oach to CAI course ee 

The obvious question is: Who should write CAI programs? 
Some educators feel as some Army and Marine Corps personnel do-- 
mies Only subject experts are most qualified Lo write GET DrO- 
wees.” Others, however, express the Opinion thay enews... 
@omenot do it all. The HumRRO staff, for example, consists or 
me onnel ". . . with expertise in behavioral science erm = 
fee psychology, computer science, applica Mavnemart cone. tec 


(Be, 


trical engineering and industrial programming." Stillranoer 
ne letter of April 1, 1971, ana Godirey, Dar | 
macverview during April, 1971. 


Drirst NSIA Seminar, ACT, p. VII-H, 
76 
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[oid ae eee 


on Arnold and Ruth Penney, "Who Should Write CAI 
Curriculum?" Educational Technology, October, 1969, po. 89. 


MO seidel, "Review of Project Iren om 
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Example of an interdisciplinary approach is e€videncedaa, the 
Xerox Educational Division as presented by Margolin and Misch. 
Each program staff consists of a subject matter expert, a be- 
havioral analyst, a programmer, and test subjects who work un- 
der a program editor. Depending on the magnitude of the effort 
(e.g., multi-media) actors and/or a project administrator may 
be required. Xerox personnel are quick (and undoubtedly correct) 
to point out, that in their experience they have never found 
any one man who had all the skills and who could perform ali 
mues tunetions required to produce a satisfactory CAL SOE ae 

The Navy, Air Foree, HumRRO) ane vecreox 2cpreseie = u 
Memrnoicate a fuller understanding and appreciation Ore a 
meıred of an educational system. CA does piace a tremendous 
Nesipons1ibility on course authors; although ze as evident ties 
in all cases such a staff is not absolutely necessary. Not all 
geen zations with the potential to develop and use CAL can 
w mble such a staff; but then, all such organizations do nee 
m 2 basic research concern--nor,need they. Certainly stam. 
wood personnel base has not been used by ali CAI course deve 
elopers, yet some courses are obviously very effective in 
M Cing their goals. 

One of the Florida State studies spelled outs 
mc consideration which must be constantly kept in mind by ada 


ei course development support personnel. That considerations. 
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Margolin, Computers in thom o or a a 
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Pal programs must be written for the educational starting 
level of their intended audience. If one can not read well, 
Mempwill not be able to cope with a program designed around an 


81 


advanced vocabulary or grammatically complex presentation. 


Synopsis 


= . 


This chapter has presented most of the maJor consider 
meerons which must be brought into focus whenever an organiza- 
Ber has determined that it will shift Trom tradicional AN 
computer instructional techniques. An analysis of all those 
a&i ceas discussed is essential if tne CAI educational system as 
memeconomically replace or even mesh properly with the presen: 
Sistem. Every user has somewhat different requirements and 
Bo craints; it can not therefore be cavezorically saigeraee 
merely by insuring that the areas preésenvucd sere we uc ee 
mime a sufficiently thorough investipation has deen eConducre . 
Mami eld of CAI is very mobile and expanding; analyses youre 
be sorely remiss if they did not use a systems approach to 
ser mine the feasibility of any projected sysvem, 


na” "An Investigation 01 the Bitecvi venom 
NO Methods, Including CAI," p. 39. 





CHAPTER V 
SUMMARY AND CONCLUSIONS 


In the first chapter of this thesis lts Puma 
ea entea. That was, to answer the question; Has CAS 
imeerentily evolved to risk extensive Commitmens Of miliver, 
training funds for this tyne of instruction? The answer to 
that auestion--taken relatively--is yes, By "taken relatively," 
Biezauthor means that he feels the study indicares cheta A 
woulda be pursued by the military services. It also means that 
at this time a wholesale shift of training funds from present 
w T techniques would be in error. “Many areas musv) Deuce. 
eres. 

In traditional instructional me nodoko y ENO a ern 
Bee exposed to any one text book or only one idea patterns 
Ge veloped by one individual for very een time perm £ 
This negates considerably the impact that any of these exposures 
Be: on the total population. CAT, however, has tae ee cre! 
(particularly if extensive program transportability and repro- 
eet lon takes place) to structure learning aehie veneno eS 
era ideological patterns in vasv numbers of people almost be- 
fore the resulting behaviorial direction can Neme er 


seems that only a multi-disciplined approach is appropriate 


We 
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de tensible for basic learning skills and societal conception 
formations. Success to date with CAI in the military however, 
seems to indicate that once an individual is fairly well edu- 
cationally developed and has formed his own behavioral niche, 
Spiele ive behaviorial interdisciplinary attention may not be 
Megessary. This may be particularly true when the known end 
Peeeauct desired is simple additional manipulative or control 
awe! mastery-—as is true of most first enlistment military 
JODS. 

A conclusion in opposition to haste Ton owe. 
out by a fact which has persisted to evidence itself throughs 
Sueecnis study. That fact is that CAI, after about 14 years 
Aire scaren and effort may now be about to make quantum jumps 
in multi-media power and language capabilities. Todays lan- 
em ees already far exceed the capabilities of earlier CAI Tan: 
eures, In addition, multi-media CAI approaches greatiy broaden 
Mo tential of CAI to be educationally competitive or super ie: 
meminany present military instructional techniques. 

The trend of CAI expansion was first shown when the 
tion of teaching machines was presented in Chapter 41 
(in particular, the last few pages of the "delimited review" 
on). The "criteria" section therein indicated the potential 
DePvasiveness of CAI applicability. Also listed in Chapter Ll 
fetmemecriteria which should be used when attempting to determine c 


4 


potential a course of instruction may have for conversion to 


CAT based on the current stage of CAI evolution and availability. 
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Chapter III then went on to show both present day and 
Proposed uses of CAI. In the "civilian" section of that chap- 
ter was obvious evidence of recent multi-media approaches to 
education. Results were sufficiently efficient to greatly re- 
duce student throughput times in academically challenging 
courses. The Son gar in portion of that chapter also indicated 
that computer management of instruction was educationally ad- 
vantageous and would be expanded upon. 

Chapter IV dealt with the necessarily wide range of 
considerations which must underlie CAT implementation plans. 
The facts of continued evolutionary growth of CAI were again 
evident in the stated potential to integrate data from entire 
wr aries of remotely located institutions and organizacions 
n research. Chapter IV also indicated the expanding evolu- 
tionary state of CAI by citing examples of hardware and soft- 
ware efforts now under way. A few of the examples given will 
be reviewed, One such example was the plasma terminal device 
which will not only be a more compact, easier-to-use student 
terminal than now exists, but which also may enable multi-media 
wr on a single student device. A truly mobile CAL sehool wan 
wheels was shown to be in existance. The high speed and low 
Computational costs of third generation computers over previous 
generations also enhances the CAI potential. This equipment 
makes possible much greater and more timely data manipulation, 


and decision variable possibilities. Software develooicn 
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also shown to have progressed considerably, and work is being 
done on even more powerful programs which can be used en 
maecvically no student or course author constraints. Topping 
fee OF this, Chapter JV made it abundantly clear that CAT as 
Ber effective. Probably one of the most beneficial aspects 
of CAI is that most present hardware and software efforts have 
Pren an evolution in consonance with commercial computer caras 
mercies. This has insured avoidance of the Usual hiehieecost. 
associated with hardware research design efforts and limited 
mm@eauection quantities. 

In summation, this study has shown that CAl asap en 
Menmoo aS good or better a job as conventional techniques Usequac 
some service schools for some high student volume, fundamentals- 
Ne courses. One can draw no conclusion other than than 
St be considered an alternative educational presentation 


Weehnigue for military training. 
A Perceived Need 


At this point the author is compelled lo issue nern 
@emcerning military CAI efforts. 

The services have not yet formally, Joined t6.¢co a. 
either the educational institucions Or caMo e Ee ree 
Ber This practically insures that there ma mE C En 
commonality or program compatibility nor any associated CAI 


mw i media standardization: 
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The military training establishment may well end up 
w ading many times what the CAI development costs coU mE eR 
ar> aid form an educational partnership. In 1970, Drs seides 
proposed a partnership of sorts--one between government, in- 
GOustry and education. He also stated that he felt this partners 
ship, and education in general, would be enhanced by ".. . the 
establishment of a national center for research and development 
On innovation in educational Se (Seidel also indicated 
Mie chis had been proposed some time Garlicr Tor Liew Pepa rie: 
of the Navy but that the Department of Defense did not see fit 
Befund it.) This author fully supports the idea ora priiks 
ome as proposed by Seidel. But it ismerem More Po Ten 
resardless of what others do, the Armed Forces must join to= 
Ar in multi-media CAI development and dmplementationm ei femur 

CAI has been primitively proven ee E e ice.) ae 
w he brink of a financial wind-Tall greater than any aanere 
imm@evation that has ever come along to reduce training program 
costs. The Navy alone budgeted over $400 million dollars for 
Mrelinineg in 1970.° Recall that CAI enabled elimination or... 
meen each of two Navy courses and resulted in a net estimated 
me million annual savings. If in fact those Navy courses cr 
euher TER can be designed in a modularized, use-what- 


you-need approach, the majority of the development costs 


y 


— «e 


thirst NSIA Seminar, ACT, pp. XXX-12-13. 
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As ociated with the base package would be practically ale 
fee. «(Particularly when spread over all four military training 
establishments. If we add the Coast Guard, and the Civil Ser- 
vice Commission it can be seen that for some common programs 
mie development costs would be, relatively speaking, nil.) Os 
ourse, the programs must be written in a language waten cola 
be easily converted to present government general purpose com- 
Myer requirements. 

The military organization has tan toba ae 
public to prevent a debacle such as would have occurred if, 
for example, our independently developed tactical systems were 
Bieompatible in a joint-effort environment. Joint eltoervs must 
be considered in peace-time as well as in Times of war. 

This author does not know whether or not a sufficient 
altres Of commonality of training exists between vhe services. 
piece rtLainly within each service steps will be taken Co aneure 
Bra Service compatibility of programs. It would De |ootiea 
not to investigate inter-service savings potentials possible 
Mars joint program development and interchangeability E 
Men i icant savings of public funds mighv accrue from suciea 
effort, the services have an obligation to the public to effect 
mye savings. If, on the other hand, no appreciautey aie 
are likely, the documentation of the investigation may well 
silence public concern that training funds are not economically 


Managed to the fullest extent possible. 





GLOSSARY BACRONYNS USED 


CAA - Computer Assisted Authority (a method whereby the CAT 
computer program asista the Course author innen 
struction of his CAI course Dy Ineu rino n eer 
aware of all,available program strategies). 

w = Computer Assisted Instruction (used in this study 
ee. to all computer application Si nm ee 
moles). 


2 


Computer hanSuasesvand ve velop er. 


APL - IBM 

STE — Dartmouth College 

ern — University of Illinois 

TOBOL — Conference on Data Systems Languages 

COURSEWRITER - IBM 

FOIL University of Michigan 

FORTRAN - IBM 

ICU/PLANIT - SDC 

PLANIT -~ SDC 

MOR — University of Illinois 

HumRRO - Human Resources Research Organization (a non-profit, 
non-political research and development grouv head- 
quartered in Alexandria, Virginia). 

TBM - International Buciness l’achines Corporation (a computer 


research, design and manufacturing corporation head- 


quartered in Armonk, Ne York). 


IMPACT - Instruction:1 Model Prototypes Attainable in Computer- 
f 


ized Teaching (a HumfliO effort for the U.S. Army). 
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NSIA - National Security Industrial Association (a non-profit, 
non-political association of American industrial; 
research and educational organizations need er 
aS anecon, DOn 


PLATO - Programmed Logic for Automatic Teaching Machines (an 
on=—going evolutionary study eb) tie nv ee 
iieiniows ance Joan 


SDC - Systems Development Corporation (a computer software 
research and. systems design Corporation near a 
in santa Monica, Calasornız 2 


BRUCE - Techniaues of Instruction in Technieal Teaining 
(a HumRRO study Project for the Army). 
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